








































































Escherichia coli SURGXLW GLYHUVHV HQWpURWR[LQHV WKHUPRODELOHV HW WKHUPRVWDEOHV 67E HVW XQH
WR[LQHGHIDLEOHSRLGVPROpFXODLUHUpVLVWDQWjODFKDOHXUFKDUJpHGHODGLDUUKpHFKH]OHVDQLPDX[
GH OD IHUPH 8QH pWXGH DQWpULHXUH D PRQWUp TXH OHV FHOOXOHV D\DQW LQWHUQDOLVp OD WR[LQH 67E
SURYRTXHQW XQ G\VIRQFWLRQQHPHQW GH OD EDUULqUH pSLWKpOLDOH SDU GHV FKDQJHPHQWV GDQV OHV
















PLOLHX FRQWHQDQW GHV TXDQWLWpV SK\VLRORJLTXHV GH &D  P0 QRXV DYRQV REVHUYp XQH
DXJPHQWDWLRQGXWDX[GHFODXGLQHGpORJpFRPPHODGpORFDOLVDWLRQFRPSDUDEOHHWFHDSUqVK
8QPLOLHX VXSSOpPHQWpDYHF ODPrPHFRQFHQWUDWLRQGH0JRX=QQ
DSDV DIIHFWp OH WDX[GH
GpORJHPHQW FRPSDUp DXPLOLHX FRQWHQDQW XQH IDLEOH WHQHXU HQ&D (Q XWLOLVDQW GHV DQWLFRUSV
DQWLSKRVSKRVpULQHHWDQWLSKRVSKRWKUpRQLQHQRXVDYRQVREVHUYpTXHODSHUWHGHVFODXGLQHVGH
OD PHPEUDQH D pWp DFFRPSDJQpH SDU XQH GpSKRVSKRU\ODWLRQ GH FHWWH SURWpLQH GHV 7-V 'DQV
O
HQVHPEOH QRV UpVXOWDWV RQW PRQWUp XQH LPSRUWDQWH UHGLVWULEXWLRQ GH OD FODXGLQH GDQV OHV













WKURXJKFKDQJHV LQ WLJKW MXQFWLRQ 7-SURWHLQV7KHVHPRGLILFDWLRQVFRQWULEXWHSUREDEO\ WR WKH
GLDUUKHD REVHUYHG 7R JDLQ LQVLJKW LQWR WKHPHFKDQLVP RI LQFUHDVHG LQWHVWLQDO SHUPHDELOLW\ZH
WUHDWHG KXPDQ FRORQ FHOOV 7ZLWK SXULILHG 67E WR[LQ DIWHUZKLFK FHOOVZHUH KDUYHVWHG DQG
SURWHLQVH[WUDFWHG8VLQJD1RQLGHW3DQRQLRQLFQRQGHQDWXULQJGHWHUJHQWFRQWDLQLQJ
VROXWLRQ ZH LQYHVWLJDWHG WKH GLVWULEXWLRQ RI FODXGLQ D PDMRU 7- SURWHLQ UHVSRQVLEOH IRU WKH
HSLWKHOLXP LPSHUPHDELOLW\ EHWZHHQ PHPEUDQH 13LQVROXEOH DQG WKH F\WRSODVPLF 13
VROXEOH ORFDWLRQ 8VLQJ LPPXQREORW DQG FRQIRFDOPLFURVFRS\ ZH REVHUYHG WKDW WUHDWPHQW RI
7FHOOPRQROD\HUVZLWK67ELQGXFHGUHGLVWULEXWLRQRIFODXGLQ$IWHUKFHOOVJURZQLQORZ
&DFRQWDLQLQJ PHGLXP  0 WUHDWHG ZLWK 67E VKRZHG DERXW  PRUH FODXGLQ LQ WKH
F\WRSODVPFRPSDUHWRWKHFRQWURO6ZLWFKLQJIURPORZWRSK\VLRORJLFDO&DFRQWDLQLQJPHGLXP
 P0 LQFUHDVHG WKH GLVORGJHPHQW UDWH RI FODXGLQ DV FRPSDUDEOH GHORFDOL]DWLRQ ZDV
REVHUYHG DIWHU K0HGLXP VXSSOHPHQWHGZLWK WKH VDPH FRQFHQWUDWLRQ RI0JRU =QGLG QRW
DIIHFW WKH GLVORGJHPHQW UDWH FRPSDUH WR WKH ORZ &DFRQWDLQLQJ PHGLXP 8VLQJ DQWL
SKRVSKRVHULQH DQG DQWLSKRVSKRWKUHRQLQH DQWLERGLHV ZH REVHUYHG WKDW WKH ORVV RI PHPEUDQH
FODXGLQ ZDV DFFRPSDQLHG E\ GHSKRVSKRU\ODWLRQ RI WKLV 7- SURWHLQ 2YHUDOO RXU ILQGLQJV
VKRZHG DQ LPSRUWDQW UHGLVWULEXWLRQ RI FODXGLQ LQ FHOOV WUHDWHG ZLWK 67E WR[LQ 7KH ORVV RI
SKRVSKRU\ODWHG 7- PHPEUDQH FODXGLQ LV OLNHO\ WR EH LQYROYHG LQ WKH LQFUHDVHG SHUPHDELOLW\
REVHUYHG7KHPHFKDQLVPVE\ZKLFKWKHVHFKDQJHVDUHEURXJKWDERXWUHPDLQWREHHOXFLGDWHG
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 Vibrio cholera HWODWR[LQH=27Zonula Occludens 7R[LQ 
 (+(& 
 (3(& 

































































CPE Clostridium perfringens (QWHURWR[LQ



















































MLCK 0\RVLQ/LJKW&KDLQ.LQDVH  













































































-H YRXGUDLV WRXW G¶DERUG UHPHUFLHUPRQ GLUHFWHXU GH UHFKHUFKH OH SURIHVVHXU'DQLHO'XEUHXLO
SRXUP¶DYRLUFRQILpFHSURMHWGHUHFKHUFKHLQWpUHVVDQWHWG¶XQHJUDQGHSHUWLQHQFH-HOHUHPHUFLH
pJDOHPHQW SRXU VRQ VXSSRUW VHV ERQV FRQVHLOV HW VHV VXJJHVWLRQV MXGLFLHXVHV SRXU RULHQWHU OH




















/D PDMRULWp GHV VRXFKHV G¶Escherichia coli VRQW GHV FRPPHQVDOHV GH OD IORUH LQWHVWLQDOH GHV
PDPPLIqUHV4XHOTXHVVRXFKHVVRQWSDWKRJqQHVWHOOHVTXHOHVE. coli HQWpURWR[LQRJqQHV(7(&
OHV E. coli HQWpURSDWKRJqQHV (3(& OHV E. coli HQWpURKpPRUUDJLTXHV (+(& OHV E. coli
HQWpURDJJUpJDWLYHV($(&OHVE. coli HQWpURLQYDVLYHV(,(&HWOHVE. coli PpGLDQWO¶DGKpUHQFH
GLIIXVH'$(&&HVSDWKRJqQHVSHXYHQWFDXVHUGHVLQIHFWLRQVLQWHVWLQDOHVLQIHFWLRQVXULQDLUHV
GLDUUKpHHWF«.DSHU/HV(7(&FRQVWLWXHQWQRWUHVXMHWG¶pWXGH
/HV PDQLIHVWDWLRQV FOLQLTXHV GH FHV LQIHFWLRQV VRQW DVVRFLpHV GH SOXVLHXUV JqQHV GH
YLUXOHQFHDSSHOpVYLURW\SHV&HVYLURW\SHVVHWUDGXLVHQWSDUODSUpVHQFHGHIDFWHXUVGHYLUXOHQFH
GRQWOHVDGKpVLQHVHWOHVWR[LQHV.DSHU
/HV DGKpVLQHV VRQW GHV IDFWHXUV GH FRORQLVDWLRQ &)V TXL SHUPHWWHQW DX[ (7(& G¶DGKpUHU j
O¶pSLWKpOLXP LQWHVWLQDO HW GH VpFUpWHU GHV HQWpURWR[LQHV TXL DJLVVHQW ORFDOHPHQW DX QLYHDX GHV
HQWpURF\WHV*KDLHWDO
'DQV WRXV OHV WLVVXV GHV MRQFWLRQV FHOOXODLUHV VSpFLDOLVpHV VH IRUPHQW DX QLYHDX GHV SRLQWV GH
FRQWDFW FHOOXOHFHOOXOH RX FHOOXOHPDWULFH HW VRQW SDUWLFXOLqUHPHQW QRPEUHXVHV GDQV OHV
pSLWKpOLXPV &HV MRQFWLRQV SHXYHQW rWUH FODVVpHV HQ WURLV JURXSHV IRQFWLRQQHOV OHV MRQFWLRQV
FRPPXQLFDQWHVOHVMRQFWLRQVG¶DQFUDJHHWOHVMRQFWLRQVRFFOXVLYHV
--- /HVMRQFWLRQVFRPPXQLFDQWHV SHUPHWWHQW OHSDVVDJHGHVVXEVWDQFHVFKLPLTXHVHWVLJQDX[
HQWUHFHOOXOHV
--- /HVMRQFWLRQVG¶DQFUDJHVDWWDFKHQWPpFDQLTXHPHQWOHVFHOOXOHVjODPDWULFH
--- /HV MRQFWLRQV RFFOXVLYHV VFHOOHQW OHV FHOOXOHV SRXU IRUPHU XQ pSLWKpOLXP&HW pSLWKpOLXP




&KDTXH MRQFWLRQ VHUUpH HVW FRPSRVpH G¶XQH ORQJXH FKDvQH GH SURWpLQHV G¶DGKpVLRQ
WUDQVPHPEUDLUHV HQFKkVVpHV GDQV FKDFXQH GHV GHX[ PHPEUDQHV SODVPLTXHV TXL
LQWHUDJLVVHQW HQWUH HOOHV /HV GRPDLQHV H[WUDFHOOXODLUHV GH FHV SURWpLQHV V¶XQLVVHQW





/D SKRVSKRU\ODWLRQ GHV SURWpLQHV GHV MRQFWLRQV VHUUpHV SDU XQH NLQDVH UpJXOH OD OLDLVRQ GHV
GRPDLQHVLQWUDWUDQVPHPEUDQDLUHVGHVRFFOXGLQHVHWGHVFODXGLQHVHWODOLDLVRQGHFKDFXQHGHFHV
SURWpLQHVDX[SURWpLQHV=25pFHPPHQWQRWUHODERUDWRLUHDpYDOXpO¶HIIHWGHODWR[LQH67EVXUOHV
MRQFWLRQV VHUUpHV &HWWH pYDOXDWLRQ D PRQWUp TXH OD WR[LQH 67E LQGXLW XQH SHUWH G¶LQWpJULWp













RUJDQLVPHV VRQW UHVSRQVDEOHV GH FHQWDLQHVGHPLOOLRQV GH FDV GHPDODGLHV GLDUUKpLTXHV FKDTXH
DQQpH HQ SDUWLFXOLHU GDQV OHV SD\V HQGpYHORSSHPHQW/HV (7(&VRQWUHVSRQVDEOHVG¶HQYLURQ
GpFqVSDUDQFKH]OHVHQIDQWVGHPRLQVGHFLQTDQV:+2

&HV PLFURRUJDQLVPHV VRQW OD FDXVH SULQFLSDOH GH OD GLDUUKpH GX YR\DJHXU ,OV FRQWULEXHQW
VXEVWDQWLHOOHPHQW j OD FURLVVDQFH UHWDUGpH HW OD PDOQXWULWLRQ TXL DFFRPSDJQHQW GHV pSLVRGHV













GHV FLEOHV LPSRUWDQWHV SRXU OH GpYHORSSHPHQW GH YDFFLQV :DONHU HW DO  $XPRLQV 
GLIIpUHQWV W\SHV GH&) RQW pWp GpFULWV j FH MRXU FKH] O¶DQLPDO HW OD SOXSDUW VRQW VRXV FRQWU{OH















GHVWUXFWLI GHV EDFWpULHV DX[ PLFURYLOORVLWpV /D SOXSDUW GHV DQWLJqQHV FRPPXQV GH VXUIDFH
G
DGKpUHQFH GH VRXFKHV (7(& VRQW OHV ILPEULDHV TXL RQW G
DERUG pWp GpVLJQpV FRPPH GHV
DQWLJqQHV . RX RQW UHoX O





DQLPDX[ VRQW ) . ) . ) 3 ) )\$WW ) HW ) UHWURXYpV FKH] OHV
SRUFVHW OHVYHDX[ 1DJ\HW)HNHWH&HV ILPEULDHVSURWpLTXHVRQWGHVSRLGVPROpFXODLUHV
TXLYDULHQWHQWUH.'DHWN'D

3DUPL OHV ILPEUDLHVGHV(7(&GHVDQLPDX[pWXGLpV OD IDPLOOHGHV ILPEULDHV) .H[LVWHQW
GDQVDXPRLQVWURLVYDULDQWHVDEDFDG/HXUSURGXFWLRQHVWUpJLHSDUGHVPpFDQLVPHVGLIIpUHQWV
4  
UHIOpWDQW OHV FKDQJHPHQWV GH O
HQYLURQQHPHQW DVVXUDQW DLQVL XQH DGDSWDWLRQ j O
HQYLURQQHPHQW
1DJ\HW)HNHWH&HVILPEULDLHVVRQWOLpVj&6$GHV(7(&ERYLQV$GDPVHWDO















/¶DGKpUHQFH HW OD FRORQLVDWLRQ XOWpULHXUH GX SHWLW LQWHVWLQ SDU OHV (7(& VRQW IDFLOLWpHV SDU
O
LQWHUDFWLRQ ILPEULDHUpFHSWHXU /
H[LVWHQFH HW OD IRQFWLRQ GHV JqQHV GHV UpFHSWHXUV G
DGKpVLRQ
GpWHUPLQHQWHQJUDQGHSDUWLH ODVHQVLELOLWpGHVMHXQHVDQLPDX[DX[LQIHFWLRQVSDU OHV(7(&/H











K{WH GHV VRXFKHV (7(& FKH] GLIIpUHQWHV HVSqFHV DQLPDOHV '











OHV ILPEULDHV ) 3 EORTXDQW DLQVL O





























HOOHV QH SURGXLVHQW SDV GH OpVLRQV SDWKRORJLTXHV RX GHV DOWpUDWLRQV PRUSKRORJLTXHV GH OD
PXTXHXVH (OOHV SURGXLVHQW GHV FKDQJHPHQWV IRQFWLRQQHOV WHOV TX
XQH DXJPHQWDWLRQ GH OD
VpFUpWLRQ G¶HDX 1D HW &O HW XQH GLPLQXWLRQ FRQFRPLWDQWH GH O
DEVRUSWLRQ GH OLTXLGH (Q









/HV HQWpURWR[LQHV /7 G¶E. coli ILJXUH  VRQW GHV WR[LQHV ROLJRPpULTXHV TXL VRQW pWURLWHPHQW
OLpHV VWUXFWXUHOOHPHQW HW IRQFWLRQHOOHPHQW j O
HQWpURWR[LQH FKROpULTXH &7 H[SULPpH SDUVibrio 
cholerae 6L[PDHWDO/7HW&7SDUWDJHQWGHQRPEUHXVHVFDUDFWpULVWLTXHVGRQWOD
6  






GH FXOWXUH FHOOXODLUHV &HSHQGDQW TXHOTXHV GLIIpUHQFHV H[LVWHQW GDQV OD VpFUpWLRQ GH WR[LQHV HW
GDQVODUpSRQVHO\PSKRF\WDLUHVDX[FHOOXOHV7DX[LOLDLUHV'LFNLQVRQHW&OHPHQWV

/HV WR[LQHV /7 RQW XQH ERQQH DQWLJpQLFLWp DORUV TXH OHV WR[LQHV 67 VRQW SHX
LPPXQRJqQHV/HVWR[LQHV/7SHXYHQWrWUHGLYLVpHVHQGHX[JURXSHVDQWLJpQLTXHVHWELRORJLTXHV
GLVWLQFWV PDLV VWUXFWXUHOOHPHQW VLPLODLUHV /7, HW /7,, 'DQV /7, OHV VRXFKHV /7K, RULJLQH
KXPDLQH HW /7S, RULJLQH SRUFLQH 3RXU /7,, GHX[ YDULDQWHV DQWLJpQLTXHV /7,,D HW /7,,E
SHXYHQWrWUHGLVWLQJXpHV
/7,, VH UHWURXYHSULQFLSDOHPHQWGDQV OHV LVRODWVG







Figure 2. La toxine LT est libérée des 
ETEC. LT se lie à des récepteurs GM1 
ganglioside sur la surface apicale. GM1 
est ancrée dans la membrane 
plasmique apicale par sa parAe 
céramide. La sousBunité de la toxine qui 
se lie au récepteur GM1 entrent dans la 
cellule à travers des endosomes. LT est 
transloquée des endosomes jusqu’à la 
t r a n s B G o l g i e t l e r é A c u l u m 
endoplasmique (ER) pour ensuite agir 
au niveau du complexe protéique : 
l ’adénylateBcyclase situé sur la 
membrane basolatérale. La sousBunité 
A1 de la toxine LT catalyse la 
ribosylaAon de la sousBunité A de la 







XQLWpV % LGHQWLTXHV GH  N'D )LJ  6WUHDWILHOG HW DO  /HV VRXVXQLWpV % VRQW




SDUXQSRQWGLVXOIXUH/HVJqQHV FRGDQWSRXU/7 elt RXetx VH WURXYHQW VXUGHVSODVPLGHVTXL











/7,, SUpVHQWH  j  G
LGHQWLWpV DYHF /7, HW&7 SRXU OD VRXVXQLWp$PDLV LO Q¶\ D SDV
G










Figure 3. La toxine LT induit 
l’ac5va5on de l'adénylate cyclase par 
ribosyla5on et par conséquent, une 
augmenta5on en monophosphate 
cyclique (AMPc). L’AMPc ac5ve la 
protéine kinase A, qui phosphoryle et 



















UpVLGXVPXOWLSOHVGHF\VWpLQHVGRQW OHVSRQWVGLVXOIXUHVDVVXUHQW ODVWDELOLWp WKHUPLTXH ,O H[LVWH
GHX[ FDWpJRULHV LQGpSHQGDQWHV GH 67 TXL GLIIqUHQW GDQV OHXU VWUXFWXUH HW GDQV OHXUPpFDQLVPH
G
DFWLRQILJXUH/HVJqQHVSRXUOHVGHX[FODVVHVVHWURXYHQWSULQFLSDOHPHQWVXUGHVSODVPLGHV
HW FHUWDLQV JqQHV GH 67 VH WURXYHQW VXU GHV WUDQVSRVRQV 67D pJDOHPHQW DSSHOp 67, HVW XQH
WR[LQH SURGXLWH SDU OHV (7(& HW SOXVLHXUV DXWUHV EDFWpULHV JUDPQpJDWLIV GRQW Yersinia 
enterocolitica HWVcholerae67DSUpVHQWpHQYLURQGHVLPLODULWpDYHFODWR[LQH($67GHV
($(&,ODpWpUDSSRUWpUpFHPPHQWTXHFHUWDLQHVVRXFKHVGHV(7(&SHXYHQWpJDOHPHQWH[SULPHU




'DQV XQ SURFHVVXV G
H[DPHQ GH  HQIDQWV GH GLIIpUHQWV JURXSHV G
kJH VRXIIUDQW GHPDODGLHV
GLDUUKpLTXHVFDXVpHVSDUGHVEDFWpULHVGHODIDPLOOHGHV(QWHUREDFWHULDFHDHPLFURRUJDQLVPHV
RQWpWp LVROpVQRWDPPHQWKlebsiella spp  LVRODWVCitrobacter spp LVRODWVEnterobacter 
spp  LVRODWV Hafnia alvei  LVRODW Morganella morganii  LVRODWV Proteus spp 










673 & & WHOOHTXHGpWHUPLQpHSDU2]DNL HW/HV DWRPHVGH VRXIUH VXU OHV UpVLGXV
F\VWpLQH TXL VRQW LPSOLTXpV GDQV OD IRUPDWLRQ GH SRQWV GLVXOIXUHV VRQW LQGLTXpV HQ URXJH
VWUXFWXUHDpWpJpQpUpHjSDUWLUGHOD3URWHLQ'DWD%DQN/HVVpTXHQFHVSHSWLGLTXHVPDWXUHVGHV










KXPDLQV UHVSHFWLYHPHQW /HV GHX[ YDULDQWHV SHXYHQW rWUH WURXYpHV GDQV OHV VRXFKHV (7(&






DO&HWWH IRUPHHVW WUDQVSRUWpHYHUV OHSpULSODVPHR OHVSRQWVGLVXOIXUHVVHURQW IRUPpV
<DPDQDND HW DO 8QH SURWpDVH QRQ GpILQLH DJLW VXU OH SUpFXUVHXU HW JpQqUH XQH WR[LQH
PDWXUHGHRXUpVLGXVTXLVRQWOLEpUpVSDUGLIIXVLRQjWUDYHUVODPHPEUDQHH[WpULHXUH
/H UpFHSWHXU SULQFLSDO GH 67D HVW XQH HQ]\PH WUDQVPHPEUDQDLUH DSSHOpH JXDQ\ODWH F\FODVH &
*&&TXLDSSDUWLHQWjODIDPLOOHGHUpFHSWHXUVF\FODVHV9DDQGUDJHUHWDO
12  
/D OLDLVRQ GH 67D j *&& VWLPXOH O
DFWLYLWp *& TXL FRQGXLW j XQH DXJPHQWDWLRQ GH *03F










)LJXUH  (IIHWV FHOOXODLUHV GH O
HQWpURWR[LQH 67D HW GX SHSWLGH HQGRJqQH JXDQ\OLQH 
LQWHUDFWLRQ GH 67D RX GH OD JXDQ\OLQH DYHF OH GRPDLQH H[WUDFHOOXODLUH (&' GH OD JXDQ\ODWH
F\FODVH &  DFWLYDWLRQ GX GRPDLQH GH OD SURWpLQH NLQDVH & HW SKRVSKRU\ODWLRQ GX GRPDLQH
FDWDO\WLTXH &$7   SURGXFWLRQ GH *03F HW GLPLQXWLRQ GH O¶LQIOX[ GH 1D HW &O  
DFWLYDWLRQ G¶XQH SURWpLQH NLQDVH *03FGpSHQGDQWH HW SKRVSKRU\ODWLRQ LQWUDFHOOXODLUH GX FDQDO













































/D VHFWLRQ1WHUPLQDOH GH SUR67% UpVLGXV  SUpVHQWH OHV FDUDFWpULVWLTXHV G
XQH VpTXHQFH
VLJQDO TXL HVW FOLYpH SDU XQH SHSWLGDVH VLJQDO ORUV GH O
H[SRUWDWLRQ GX SUR67E GDQV OH
SpULSODVPH67EPDWXUHHVWXQSHSWLGHGHDFLGHVDPLQpVFRQWHQDQWTXDWUHUpVLGXVGHF\VWpLQH
TXLpWDEOLVVHQWGHVSRQWVGLVXOIXUHVHQWUHHX[&HVSRQWVGLVXOIXUHVVRQWIRUPpVGDQVOHSpULSODVPH
SDU OD SURWpLQH SpULSODVPLTXH 'VE$ 67E SpULSODVPLTXH HVW HQVXLWH WUDQVSRUWp YHUV OH PLOLHX
H[WUDFHOOXODLUH.XSHUV]WRFKHWDOILJXUH

3RXU OD FRQYHUVLRQ HQ 67E DFWLI OHV SRQWV GLVXOIXUHV LQWUDPROpFXODLUHV GRLYHQW rWUH IRUPpV
FRUUHFWHPHQWpWDQWGRQQpTXHODIRUPDWLRQGHVSRQWVGLVXOIXUHVHVWHVVHQWLHOOHSRXUODVpFUpWLRQGH




HQWpURWR[LQH67EHVW ILQDOHPHQW WUDQVORTXpj WUDYHUV ODPHPEUDQHH[WHUQHvia OH WXQQHO7RO&
ILJXUH  7RO& HVW XQ FDQDO LPSRUWDQW GH OD PHPEUDQH H[WHUQH FKH]E. coli HW MRXH XQ U{OH
LPSRUWDQWGDQVO¶H[FUpWLRQG¶XQODUJHpYHQWDLOGHPROpFXOHV\FRPSULVOHVDQWLELRWLTXHV1LVKLQR









GRQFj FHTXH FHV WUDQVSRUWHXUV DJLVVHQW pJDOHPHQW FRPPHXQSDUWHQDLUH GH7RO&HW H[SRUWHQW
67EjSDUWLUGXSpULSODVPHYHUVO¶H[WpULHXU<DPDQDNDHWDORQWHIIHFWXpGHVH[SpULHQFHV
GH SXOVHFKDVH HQ XWLOLVDQW E. coli BL21 '( GDQV ODTXHOOH GLIIpUHQWV JqQHV WUDQVSRUWHXUV
$FU$%$&5()HPU$%HPU.<PGW()0DFDEHW\RM+,DYDLHQWpWpPXWpVHWDQDO\VpVSRXU
OHXULPSOLFDWLRQGDQVODVpFUpWLRQGH67E/HVUpVXOWDWVRQWPRQWUpTXHODVpFUpWLRQH[WUDFHOOXODLUH
GH67ED pWp ODUJHPHQWGLPLQXpHFKH] OHPXWDQWmacAB HW OD WR[LQHD pWpDFFXPXOpHGDQV OH
F\WRSODVPH /D VWDJQDWLRQ SpULSODVPLTXH GH 67E FKH] OH PXWDQW macAB D pWp UHVWDXUpH SDU
O¶LQWURGXFWLRQGHS$&<&FRQWHQDQW OHJqQHmacABGDQVODFHOOXOH&HVUpVXOWDWV LQGLTXHQW
TXH 0DF$% SDUWLFLSH j OD WUDQVORFDWLRQ GH 67E GX F\WRSODVPH YHUV O¶H[WpULHXU GH OD FHOOXOH
&RPPHLODpWpUDSSRUWpTXH0DF$%FRRSqUHDYHF7RO&<DPDQDNDHWDORQWSURSRVpTXH




























OHV UpVLGXV  HW  HW OHV UpVLGXV  HW  /D VWUXFWXUH KpOLFRwGDOH GDQV OD UpJLRQ  HVW






VpFUpWLRQ LQWHVWLQDOH FDU OD VXEVWLWXWLRQ GH ' SDU O¶DODQLQH RX OD YDOLQH GLPLQXH O¶DFWLYLWp
ELRORJLTXH GH 67E ILJXUH  /DEULH HW DO D 'HV pWXGHV GH GLFKURwVPH FLUFXODLUH RQW
PRQWUpTXHODUpGXFWLRQGHVSRQWVGLVXOIXUHVHQWUDvQHXQHSHUWHLPSRUWDQWHGHODVWUXFWXUHTXLHVW
HQFRUUpODWLRQDYHFODSHUWHGHOD IRQFWLRQ67EUpGXLWDGRSWHXQHFRQIRUPDWLRQHVVHQWLHOOHPHQW
DOpDWRLUH 'HV PHVXUHV HQ SUpVHQFH G





















/DEULH HW DO E /¶LQWpJULWp GH OD VWUXFWXUH GH 67E HVW QpFHVVDLUH SRXU OH SURFHVVXV
G¶ROLJRPpULVDWLRQ &HV KH[DPqUHV HW KHSWDPqUHV VRQW IRUPpV SDU O¶LQWHUDFWLRQ GHV KpOLFHVD
18  
K\GURSKREHV &WHUPLQDOHV GH PRQRPqUHV GH 67E FRPPH O¶D SURXYp O¶pWXGH GH PXWDWLRQV GH
FHWWH UpJLRQ /DEULH HW DO D /¶LQWHUQDOLVDWLRQ GH OD WR[LQH j GHV FHOOXOHV pSLWKpOLDOHV HVW
HVVHQWLHOOH SRXU LQGXLUH OD VpFUpWLRQ G¶HDX HW G¶pOHFWURO\WHV GDQV OD OXPLqUH LQWHVWLQDOH GHV








VSpFLILTXHV GH OD WR[LQH 67E In vitro OD IL[DWLRQ GH OD WR[LQH 67E DX[ FHOOXOHV pSLWKpOLDOHV




FHOOXOHV pSLWKpOLDOHV GH O
LQWHVWLQ GH VRXULV '¶DXWUHV GRQQpHV RQW QHWWHPHQW LQGLTXp TX¶XQ
JO\FRVSKLQJROLSLGHSUpVHQWj ODVXUIDFHGHVFHOOXOHVpSLWKpOLDOHVGX MpMXQXPGHSRUF OH WLVVXGH
O¶K{WH QDWXUHO SRXU 67E SRXUUDLW rWUH UHVSRQVDEOH SRXU OD IL[DWLRQ GH OD WR[LQH &H






/D OLDLVRQ GX 67E j GLIIpUHQWV JO\FROLSLGHV D pWp pWXGLpH SRXU H[DPLQHU OD VWUXFWXUH






/H VXOIDWLGH HVW XQ JO\FRVSKLQJROLSLGH DFLGH FRQVWLWXp G¶XQH SDUWLH VDFFKDULGLTXH SRODLUH OH
JDODFWRVHVXOIDWpHQSRVLWLRQHWG¶XQHSDUWLHOLSLGLTXHXQFpUDPLGHILJXUH(FNKDUGW
/¶H[WUDLWOLSLGLTXHWRWDOGHODPXTXHXVHGXMpMXQXPpWDLWOLpSDU67E/HVXOIDWLGHDSSDUXFRPPH































DYHF 67E GpSRODULVH HIILFDFHPHQW OD PHPEUDQH G
XQH PDQLqUH GRVHGpSHQGDQWH HW VDWXUDEOH
&HWWH DFWLYLWp HVW LQGpSHQGDQWH GX S+ GX PRLQV FRPPH GpPRQWUpH HQWUH S+  HW 
*RQFDOYHVHWDO67ESHUPHWpJDOHPHQWODSpQpWUDWLRQGHVFRORUDQWVYLWDX[WHOTXHOHEOHX









GDQV OH F\WRSODVPH/¶DQDO\VH SDU LPPXQRIOXRUHVFHQFH D FRQILUPp ODSUpVHQFHGH OD WR[LQH DX
QLYHDXGH ODPHPEUDQHHWGDQV OHF\WRSODVPH&KDRHW'UH\IXV'¶DXWUHVHVVDLVDYHFXQ
DQWLFRUSV DQWL67E PDUTXp j O¶RU VXLYL G¶XQH DQDO\VH HQ PLFURVFRSLH pOHFWURQLTXH GpPRQWUH




















DO  (Q PrPH WHPSV OHV SKRVSKROLSDVHV $ HW & OLEqUHQW O¶DFLGH DUDFKLGRQLTXH GHV
SKRVSKROLSLGHVPHPEUDQDLUHV&HWDFLGHDUDFKLGRQLTXHHVWODFDXVHSULQFLSDOHGHODIRUPDWLRQGH





HW 'XEUHXLO  &HWWH FRORFDOLVDWLRQ pWDLW DVVRFLpH j XQH K\SHUSRODULVDWLRQ PLWRFKRQGULDOH
GRVHGpSHQGDQWHGpPRQWUpHjO¶DLGHG¶XQHVRQGHIOXRUHVFHQWHHQF\WRPpWULHHQIOX[VXJJpUDQWXQ
HIIHW GH OD WR[LQH VXU OH IRQFWLRQQHPHQW GHV PLWRFKRQGULHV '¶DXWUHV HIIHWV FRPPH OH
ERXUJHRQQHPHQWGHVFHOOXOHVHWO¶pODUJLVVHPHQWGHVQR\DX[RQWDXVVLpWpREVHUYpV






VHUUpHV /HV RFFOXGLQHV FODXGLQHV HW SURWpLQHV =2 pWDLHQW DOWpUpV HW GpORFDOLVpV WHOV TXH
GpWHUPLQpV SDUPLFURVFRSLH FRQIRFDOH8QH GLPLQXWLRQ GH OD UpVLVWDQFH WUDQVpSLWKpOLDOHV 7(5




)LJXUH  0pFDQLVPH G¶DFWLRQ SURSRVp SRXU OD WR[LQH 67E 2OLJLPpULVDWLRQ GH OD WR[LQH HW
OLDLVRQDXVXOIDWLGHPHPEUDQDLUHvia VRQKpOLFHDOSKDK\GURSKREH&HWWHLQWHUDFWLRQSHUPHWj OD
WR[LQHGHIRUPHUGHVROLJRPqUHVHWGHV¶LQVpUHUGDQVODPHPEUDQHSRXUrWUH WUDQVORTXpHYHUV OH






/HV LQIHFWLRQV j Escherichia coli HQWpURWR[LQRJqQHV VRQW JpQpUDOHPHQW UHOLpHV j XQH GLDUUKpH
DTXHXVHDLJXH&RPPHOHFKROpUDFOLQLTXHFHV LQIHFWLRQVSHXYHQWDOOHUGHV\PSW{PHVEpQLQVj
XQH JUDYH GLDUUKpH DTXHXVH 6DFN HW DO  FRQGXLVDQW j XQH GpVK\GUDWDWLRQ UDSLGH HW OD
SURVWUDWLRQHQTXHOTXHVKHXUHV)LQNHOVWHLQHWDO&HODGLWOHVSUHPLHUVLVRODWVGHV(7(&
SURGXFWHXUV G¶HQWpURWR[LQHV RQW pWp LGHQWLILpV GDQV GHV FDV V¶DSSDUHQWDQW DX FKROpUD R DXFXQ

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DEVRUSWLRQ GHV QXWULPHQWV WRXW HQ RIIUDQW XQH EDUULqUH




HW ODYRLHSDUDFHOOXODLUH ILJXUH/DYRLHWUDQVFHOOXODLUHHVW LPSOLTXpHGDQVO
DEVRUSWLRQHW OH
WUDQVSRUWGHVQXWULPHQWVQRWDPPHQW OHVVXFUHV OHVDFLGHVDPLQpV OHVSHSWLGHV OHVDFLGHVJUDV
OHVPLQpUDX[HW OHVYLWDPLQHV&RPPH ODPHPEUDQH FHOOXODLUH HVW LPSHUPpDEOH FHSURFpGp HVW
SULQFLSDOHPHQWUpJLSDUGHVWUDQVSRUWHXUVRXGHVFDQDX[VSpFLILTXHVVLWXpVVXUODSDUWLHDSLFDOHHW
OD PHPEUDQHEDVRODWpUDOH .LHODHW *KLVKDQ /D YRLHSDUDFHOOXODLUH HVWDVVRFLpH DX
WUDQVSRUWGDQVO
HVSDFHLQWHUFHOOXODLUHHQWUHOHVFHOOXOHVpSLWKpOLDOHVDGMDFHQWHV(OOHHVWUpJLHSDU

















/HV MRQFWLRQV VHUUpHV HQWRXUHQW OHV H[WUpPLWpV DSLFDOHV GHV PHPEUDQHV ODWpUDOHV GHV FHOOXOHV
pSLWKpOLDOHV HW GpWHUPLQHQW OD SHUPpDELOLWp VpOHFWLYH SDUDFHOOXODLUH DX[ VROXWpV ILJXUH  9DQ
,WDOOLHHW$QGHUVRQ¬FHWpJDUGOHVMRQFWLRQVVHUUpHVIRXUQLVVHQWjODIRLVXQHEDUULqUHDX[
PROpFXOHVQRFLYHVHWXQSRUHSRXUODSHUPpDELOLWpGHVLRQVGHVVROXWpVHWG¶HDXOHFDVpFKpDQW
/HV MRQFWLRQV VHUUpHV VRQW GHV PXOWLSOHV FRPSOH[HV GH SURWpLQHV FRPSRVpHV GH SURWpLQHV
WUDQVPHPEUDQDLUHV FRPPH OHV FODXGLQHV HW OHV RFFOXGLQHV HW XQ ODUJH VSHFWUH GH SURWpLQHV
F\WRVROLTXHV=2/DPRGLILFDWLRQGHODIRQFWLRQGHODEDUULqUHLQWHVWLQDOHHWGHODSHUPpDELOLWp
SDUDFHOOXODLUHHVWG\QDPLTXHPHQWUpJXOpHSDUGLYHUVVWLPXOLH[WUDFHOOXODLUHVHWHVWpWURLWHPHQWOLpH
j QRWUH VDQWp 7XUQHU  /D UXSWXUH GH OD EDUULqUH DX QLYHDX GHV MRQFWLRQV VHUUpHV HW
O¶DXJPHQWDWLRQ GH OD SHUPpDELOLWp SDUDFHOOXODLUH VXLYLH SDU OD SpQpWUDWLRQ GH PROpFXOHV SUR
LQIODPPDWRLUHV OXPLQDO SHXYHQW LQGXLUH O
DFWLYDWLRQ GX V\VWqPH LPPXQLWDLUH GHV PXTXHXVHV
HQWUDvQDQW XQH LQIODPPDWLRQ VRXWHQXH HW GHV OpVLRQV WLVVXODLUHV /HV pWXGHV FOLQLTXHV LQGLTXHQW







DX[   FHOOXOHV DGMDFHQWHV SDU OHV 7-V UHFWDQJOHV YLROHWV $-V UHFWDQJOHV YHUWV HW OHV
GHVPRVRPHV RUDQJHUHFWDQJOHV MDXQHV HW  j OD PHPEUDQH EDVDOH SDU OHV FRQWDFWV IRFDX[




SURWpLQHV F\WRSODVPLTXHV=2/HV$-V VRQW FRPSRVpHVG¶XQ V\VWqPHGH QHFWLQHDIDGLQ HW G¶XQ
V\VWqPHFDWpQLQH(FDGKpULQH0L\RVKLHWDO

([SpULPHQWDOHPHQW O¶LQWpJULWpGH ODEDUULqUH LQWHVWLQDOHGHV MRQFWLRQV VHUUpHV HW ODSHUPpDELOLWp
GDQVOHV WLVVXVHW OHVFHOOXOHV LQWHVWLQDOHVVRQWpYDOXpHVSDUODPHVXUHGHODUpVLVWDQFHpOHFWULTXH






/HV MRQFWLRQV VHUUpHV VRQW GHV FRPSOH[HV GH SURWpLQHV VLWXpV DX[ H[WUpPLWpV DSLFDOHV GHV
PHPEUDQHV ODWpUDOHV GHV FHOOXOHV pSLWKpOLDOHV GH O




HQWUH OHV GRPDLQHV DSLFDO HW EDVRODWpUDO GH OD PHPEUDQH SODVPLTXH 7XUQHU   4XDWUH
SURWpLQHV WUDQVPHPEUDQDLUHV LQWpJUDOHVRFFOXGLQH )XUXVHHWDOFODXGLQH )XUXVHHWDO
D MRQFWLRQG
DGKpVLRQ -$0 0DUWLQ3DGXUD HW DO  HW WULFHOOXOLQ ,NHQRXFKL HW DO





GHV LQWHUDFWLRQV DYHF OHV FHOOXOHV DGMDFHQWHV /HV GRPDLQHV LQWUDFHOOXODLUHV GH FHV SURWpLQHV
WUDQVPHPEUDQDLUHV LQWHUDJLVVHQW DYHF GHV SURWpLQHV F\WRVROLTXHV G
pFKDIDXGDJH WHOV TXH OHV
SURWpLQHV =2 TXL j OHXU WRXU DQFUHQW OHV SURWpLQHV WUDQVPHPEUDQDLUHV DX UpVHDX G¶DFWLQH GX
F\WRVTXHOHWWH /
LQWHUDFWLRQ GHV SURWpLQHV GHV MRQFWLRQV VHUUpHV DYHF OH UpVHDX G
DFWLQH GX
F\WRVTXHOHWWH HVW HVVHQWLHOOH DXPDLQWLHQ GH OD VWUXFWXUH HW GH OD IRQFWLRQ GH FHV MRQFWLRQV 3DU
DLOOHXUV O






'H QRPEUHXVHV SURWpLQHV GH VLJQDOLVDWLRQ FHOOXODLUH \ FRPSULV OD SURWpLQH NLQDVH$ 3.$ HW




GpPRQWDJH GHV 7- GDQV GLIIpUHQWHV OLJQpHV FHOOXODLUHV 3OXVLHXUV LVRIRUPHV GH OD 3.& RQW pWp



























$03F LQWUDFHOOXODLUH DPpOLRUHQW OD IRQFWLRQ GH EDUULqUH HW O
LQKLELWLRQ GH OD 3.$
GLPLQXH OD UpFXSpUDWLRQ GH OD EDUULqUH LQWHVWLQDOH GHV FHOOXOHV pSLWKpOLDOHV 7 /DXUHQW HW DO




LQKLELWLRQ GH OD 3.$ GLPLQXH OD SKRVSKRU\ODWLRQ GH OD SURWpLQH GH OLDLVRQ j










(Q  O¶RFFOXGLQH  N'D D pWp OD SUHPLqUH SURWpLQHPHPEUDQDLUH LQWpJUDOH GHV MRQFWLRQV
VHUUpHV LGHQWLILpH ILJXUH  )XUXVH HW DO  'HV pWXGHV PLFURVFRSLH pOHFWURQLTXH RQW
YLVXDOLVpVSpFLILTXHPHQWOHVRFFOXGLQHVGDQVOHVMRQFWLRQVVHUUpHVGHO
pSLWKpOLXP/¶RFFOXGLQHHVW
XQH SURWpLQH PHPEUDQDLUH WpWUDVSDQLQH j  GRPDLQHV WUDQVPHPEUDQDLUHV GHX[ ERXFOHV
H[WUDFHOOXODLUHV HW XQH ERXFOH LQWUDFHOOXODLUH XQH FRXUWH VpTXHQFH 1WHUPLQDOH HW XQH ORQJXH
VpTXHQFH&WHUPLQDOH SURMHWpH GDQV OH F\WRSODVPH ILJXUH  /
LQWHUDFWLRQ GHV ERXFOHV
28  
H[WUDFHOOXODLUHVGHVRFFOXGLQHVDYHF OHVFHOOXOHV DGMDFHQWHV VHPEOH FUpHUXQHEDUULqUH FRQWUH OHV
PDFURPROpFXOHV PDLV SDV FRQWUH OHV SHWLWV LRQV $O6DGL HW DO  /H ORQJ GRPDLQH &












RUJDQLVDWLRQGH MRQFWLRQV VHUUpHVGDQV O
pSLWKpOLXP LQWHVWLQDOpTXLYDOHQWjFHOOHVREVHUYpHVFKH]
OHVVRXULVGHW\SHVDXYDJH6DLWRXHWDO(QRXWUHODIRQFWLRQGHODEDUULqUHLQWHVWLQDOHHWOH









GHV FHOOXOHV LQWHVWLQDOHV &DFR OD VRXULV PXWpH DX QLYHDX GHV RFFOXGLQHV D LQGXLW XQH
DXJPHQWDWLRQ GH OD SHUPpDELOLWp SDUDFHOOXODLUH $O6DGL HW DO  &HV GRQQpHV LQGLTXHQW







HW OHV SKRVSKDWDVHV UHVSRQVDEOHV GHV VLWHV GH SKRVSKRU\ODWLRQ 'DQV O
pSLWKpOLXP LQWDFW







LQKLELWLRQGH OD3.& LQGXLVHQW ODGpSKRVSKRU\ODWLRQGH O¶RFFOXGLQHHW HQWUDvQH
GHVSHUWXUEDWLRQVDXQLYHDXGHVMRQFWLRQVVHUUpHV-DLQHWDO/DGpWHFWLRQGHVVLWHVGHOD
SKRVSKRU\ODWLRQ SDU VSHFWURPpWULH GHPDVVH HW SDUPXWDJHQqVH GLUHFWH UpYqOH TXH77
7 HWRX 7 GDQV OH GRPDLQH&WHUPLQDO GH O
RFFOXGLQH VRQW OHV VLWHV GH SKRVSKRU\ODWLRQ
FLEOpVSDUOHVSURWpLQHVNLQDVHV&/DPXWDWLRQGHFHVUpVLGXVWKUpRQLQHHQDODQLQHHPSrFKHOD
SKRVSKRU\ODWLRQ HW O
DVVHPEODJH GH O¶RFFOXGLQH ,QYHUVHPHQW O¶RFFOXGLQH VXELW XQH
GpSKRVSKRU\ODWLRQVXUVHVUpVLGXVVpULQHHWWKUpRQLQHSHQGDQWOHGpPRQWDJHGHVMRQFWLRQVVHUUpHV
6DNDNLEDUDHWDO/HVSURWpLQHVSKRVSKDWDVHV 33HW$RQWpWp VLJQDOpHVj LQWHUDJLU
GLUHFWHPHQWDYHF O¶RFFOXGLQHSRXU OHVGpSKRVSKRU\OHUDXQLYHDXGHV VpULQHVHW WKUpRQLQHV33
GpSKRVSKRU\OH SUpIpUHQWLHOOHPHQW OHV RFFOXGLQHV VXU OHV UpVLGXV VpULQHV WDQGLV TXH33$ D pWp
SOXV DFWLI GDQV GpSKRVSKRU\ODWLRQ GHV RFFOXGLQHV DX QLYHDX GHV UpVLGXV WKUpRQLQHV 6HWK HW DO






SDV GH UpVLGXV FKDUJpV HW VRQW WUqV ULFKHV HQ W\URVLQH < 3OXV GH ODPRLWLp GHV UpVLGXV GH OD







/HV FODXGLQHV  N'D VRQW GHV SURWpLQHV PHPEUDQDLUHV WpWUDVSDQLQHV j ERXFOHV 
LQWUDFHOOXODLUHVHWGHX[ERXFOHVH[WUDFHOOXODLUHVHWGHVGRPDLQHV&WHUPLQDOHDLQVLTXH1WHUPLQDO
F\WRSODVPLTXHV ILJXUH  )XUXVH HW DO D /HV FODXGLQHV Q
RQW SDV GH VLPLODULWp GH
VpTXHQFH DYHF OHV RFFOXGLQHV /HV ERXFOHV H[WUDFHOOXODLUHV GHV FODXGLQHV IRQW LQWHUDFWLRQV
KRPRSKLOHV HW KpWpURSKLOHV DYHF OHV FHOOXOHV DGMDFHQWHV HW FHV LQWHUDFWLRQV FUpHQW VRLW GHV
EDUULqUHVVRLWGHVSRUHVSRXUOHSDVVDJHVpOHFWLIGHVPROpFXOHVGDQVOHVYRLHVSDUDFHOOXODLUHV9DQ
,WDOOLH HW $QGHUVRQ  /HV GRPDLQHV &WHUPLQDX[ GHV FODXGLQHV LQWHUDJLVVHQW DYHF OHV







SDUDFHOOXODLUH GDQV GLYHUV WLVVXV )XUXVH HW DO  &RPPH H[HPSOH OHV VRXULV PXWpHV DX
QLYHDX GHV FODXGLQH PHXUHQW GDQV OHV K TXL VXLYHQW OD QDLVVDQFH HQ UDLVRQ G
XQH SHUWH
GUDPDWLTXH GH OLTXLGH HW G
pOHFWURO\WHV j WUDYHUV OD EDUULqUH pSLGHUPLTXH DOWpUpH )XUXVH HW DO


/HV FODXGLQHV VRQW XQH IDPLOOH PXOWLJpQLTXH DYHF DX PRLQV  PHPEUHV FKH] O
KRPPH HW OD
VRXULV HW FKDTXH LVRIRUPH PRQWUH XQ SURILO G







LQWHVWLQ +ROPHV HW DO &RQWUDLUHPHQW j OHXUV VLPLODULWpV VWUXFWXUHOOHV OHV
FODXGLQHV RQW GHV IRQFWLRQV GLIIpUHQWHV HW SHXYHQW rWUH GLYLVpHV HQ GHX[ W\SHV  FHX[ TXL VRQW
LPSOLTXpV GDQV OD IRUPDWLRQ GH EDUULqUH GLPLQXDQW OD SHUPpDELOLWp SDUDFHOOXODLUH HW FHX[ TXL
MRXHQWXQ U{OHGDQV OHVSRUHVGHVFDQDX[ DXJPHQWDWLRQGH ODSHUPpDELOLWpSDUDFHOOXODLUH 9DQ
,WDOOLHHW$QGHUVRQ¬QRWUHFRQQDLVVDQFH OHVFODXGLQHVVRQW
H[SULPpHV GDQV OHV LQWHVWLQV HW SHXYHQW rWUH FODVVpHV FRPPH FODXGLQHV IRUPDQW XQH EDUULqUH
WDQGLVTXHOHVFODXGLQHVHWVRQWGHVFODXGLQHVSRURSKRUHV9DQ,WDOOLHHW$QGHUVRQ
 6XUWRXW OHV SURSULpWpV IRQFWLRQQHOOHV GH FKDTXH FODXGLQH GpSHQGHQW GX QRPEUH HW GH OD
SRVLWLRQGHVDFLGHVDPLQpVFKDUJpVGDQVODqUHERXFOHH[WUDFHOOXODLUH.UDXVHHWDO3DU
H[HPSOHO¶LVRIRUPHGHOHVFODXGLQHVHWRQWHWHWHWSRVLWLRQV






SKRVSKRU\ODWLRQGH ODFODXGLQHVXU OHVUpVLGXVVpULQHVHVW UpJXOpHSDUXQHSURWpLQHSKRVSKDWDVH




OD FODXGLQH DXQLYHDX GH OD WKUpRQLQH DXJPHQWH VRQ LQVROXELOLWp HW VRQ LQWpJULWpGDQV OHV
FHOOXOHV HQGRWKpOLDOHV GHV SRXPRQV GX UDW )XMLWD HW DO  /D SURWpLQH NLQDVH $ 3.$
GpSHQGDQWH GH O











DGKpUHQFH MRQFWLRQQHOOHV -$0 DSSDUWLHQQHQW j OD VXSHUIDPLOOH GHV
LPPXQRJOREXOLQHV HW RQW XQ SRLGVPROpFXODLUH G
HQYLURQ  N'D %DOODEK HW DO  -$0
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FRPSUHQG WURLV GRPDLQHV VWUXFWXUDX[  XQ GRPDLQH H[WUDFHOOXODLUH DYHF GHX[ ERXFOHV GH W\SH
LPPXQRJOREXOLQHXQVHXOGRPDLQHWUDQVPHPEUDQDLUHHWXQHFRXUWHTXHXHLQWUDFHOOXODLUHILJXUH
 %DOODEK HW DO  -$0 SHXW rWUH FODVVp GDQV -$0$ -$0% HW -$0& 7RXWHV OHV
-$0V$%HW&VHWURXYHQWGDQVOHVFHOOXOHVHQGRWKpOLDOHV6DQGRYDOHW:LWW/HVGHX[
-$0$HW-$0&PDLQWLHQQHQWODVWDELOLWpGX7-HW-$0%PDLQWLHQWODVWDELOLWpHQLQWHUDJLVVDQW
DYHF -$0& %UDGILHOG HW DO  'HV DQWLFRUSV PRQRFORQDX[ FRQWUH -$0 HPSrFKHQW OH
UpWDEOLVVHPHQW GH OD IRQFWLRQ GX EDUULqUH PDLV Q
RQW SDV G
HIIHW VXU OD IRUPDWLRQ GHV 7-V HQ
PRQRFRXFKHVFRQIOXHQWHVFHTXLVXJJqUHTXH-$0SDUWLFLSHjODIRUPDWLRQGHV7-V0DQGHOOHW
3DUNRV-$0DpWpPRQWUpSRXUVHOLHUDXGRPDLQH3'=GHVSURWpLQHVF\WRSODVPLTXHV$)






/HV GLPqUHV -$0 HQ IRUPH 8 UHSUpVHQWp SDU XQH OLJQH YHUWH GLVFRQWLQXH VRQW TXDVLPHQW
SHUSHQGLFXODLUHV j OD VXUIDFH FHOOXODLUH WDQGLV TXH OHXUV SUHPLqUHV ERXFOHV DPLQRWHUPLQDOHV
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URXJHVRQWSUHVTXHSDUDOOqOHVj ODVXUIDFHFHOOXODLUHHWHQWUHHQFRQWDFWGDQVXQSODQFRPPXQ
DVWpULVTXHV /HV LQWHUDFWLRQV SDUDFHOOXODLUH GH -$0 RQW OLHX HQWUH OHV SUHPLqUHV ERXFOHV GHV









NLQDVH 6KLQ HW DO  &HV SURWpLQHV MRXHQW XQ U{OH GDQV OD OLDLVRQ GHV SURWpLQHV
WUDQVPHPEUDQDLUHV DX F\WRVTXHOHWWH G¶DFWLQH HW LQWHUDJLVVHQW GLUHFWHPHQW DYHF OD SOXSDUW GHV
SURWpLQHVWUDQVPHPEUDQDLUHVFRPPHOHVRFFOXGLQHVOHVFODXGLQHVHWOHVSURWpLQHV-$0'DQVOH
PrPHWHPSVOHVSURWpLQHV=2VRQWLPSOLTXpHVGDQVODWUDQVGXFWLRQGHVLJQDOHWODPRGXODWLRQGH






=2 VH OLH DX F\WRVTXHOHWWH G
DFWLQH SDU VRQ H[WUpPLWp &WHUPLQDOH VHUYDQW GH SRQW HQWUH OHV
SURWpLQHV WUDQVPHPEUDQDLUHV HW OHV SURWpLQHV GX F\WRVTXHOHWWH &HWWH LQWHUDFWLRQ HVW LPSRUWDQWH
SRXUODVWDELOLWpHW ODIRQFWLRQGH7- ODGLVVRFLDWLRQGH=2GXFRPSOH[HGHMRQFWLRQVVHUUpHV
FRQGXLWVRXYHQWjXQHDXJPHQWDWLRQGHODSHUPpDELOLWpSDUDFHOOXODLUH&DUGRVRHWDO8QH
IRLV OLpH DX[ FRPSOH[HV GHV SURWpLQHV WUDQVPHPEUDQDLUHV =2 GHYLHQW LQVROXEOH GDQV OHV





IRQFWLRQ HVW UHGRQGDQWH DYHF OD IRQFWLRQ GH =2 GRQF LO SHXW UHPSODFHU =2 HW IDFLOLWHU OD
IRUPDWLRQ G







=2 HVW XQH SKRVSKRSURWHLQH GH  N'D TXL SDUWDJH XQH KRPRORJLH GH VpTXHQFH HW










PHQDQW j OD GpVK\GUDWDWLRQ'HV pWXGHV RQW VXJJpUp TXH OD GpILFLHQFH GH OD EDUULqUH LQWHVWLQDOH
FRQWULEXH HQSDUWLH j OD SDWKRJHQqVHSURYRTXpH SDU FHUWDLQV DJHQWVSDWKRJqQHV/HVSULQFLSDX[
UpVHUYRLUVGHV. cholerae VRQW OHV VRXUFHVDTXDWLTXHVHW OHV LQIHFWLRQV VRQWVRXYHQWDVVRFLpHVj
GHVFRSpSRGHVFUXVWDFpVHWSODQWHVDTXDWLTXHVV. cholerae SURGXLWSOXVLHXUVWR[LQHVFRPPHOD
WR[LQH FKROpULTXH KpPDJJOXWLQLQHVSURWpDVH +$3 =RQXOD RFFOXGHQV WR[LQ =27 HW
O
HQWpURWR[LQHFKROpULTXH=27HW+$3SHUWXUEHQW OD IRQFWLRQGH ODEDUULqUH LQWHVWLQDOH=27D
pWpWURXYpHQWDQWTXHGHX[LqPHHQWpURWR[LQHSURGXLWHFKH]V. cholerae )DVDQRHWDO,O
GLPLQXH OD 7(5 GDQV O
LQWHVWLQ JUrOH GHV UDWV GHV ODSLQV HW GHV FHOOXOHV LQWHVWLQDOHV&DFR HQ
FXOWXUH )DVDQRHWDO=27HVWV\QWKpWLVpGDQV ODPHPEUDQHH[WHUQHGHV. cholerae HWD
XQHPDVVHPROpFXODLUHGHN'DDDHWOHIUDJPHQW&WHUPLQDOGHN'DDDHVW
H[FUpWp GDQV OHPLOLHX LQWHVWLQDO GH O
K{WH /H IUDJPHQW &WHUPLQDO VHPEOH rWUH UHVSRQVDEOH GH
O
HIIHW SHUWXUEDWHXU VXU OHV 7-V FRPPH OD UpGXFWLRQ GHV 7(5 FDXVpH SDU XQ PXWDQW WURQTXp
QRPPp'*=27 TXL FRQVHUYH DD  HVW j SHX SUqV FRPSDUDEOH j FHOOH GH =27 SOHLQH






)&,*5/   DD FRPPH O






LQWHVWLQ JUrOH GH VRXULV PXWpHV DX QLYHDX GX 3$5 FH TXL LQGLTXH TXH 3$5 HVW O
XQ GHV
UpFHSWHXUV GX PXWDQW HW TXH O






HIIHW SHUWXUEDWHXU VXU OHV 7-V LQWHVWLQDX[ 0HO HW DO  /










(+(& DXVVL DSSHOpH YpURWR[LQH RX E. coli SURGXFWHXU GH VKLJD WR[LQH HVW XQH EDFWpULH
SDWKRJqQH /¶LQIHFWLRQ HQWpULTXH SURYRTXH GHV GLDUUKpHV HW FROLWHV KpPRUUDJLTXHV HW SHXW
FRQGXLUHjGHVHIIHWVV\VWpPLTXHVPRUWHOV\FRPSULVOHV\QGURPHKpPRO\WLTXHHWXUpPLTXHHWOH
SXUSXUD WKURPERF\WRSpQLTXH WKURPERWLTXH %LHQ TXH OHV RUJDQLVPHV (+(& SURGXLVHQW GHV
WR[LQHV6KLJDRXYpURWR[LQHVTXLLQKLEHQWODV\QWKqVHGHVSURWpLQHVGHODFHOOXOHFHVWR[LQHVQH
VHPEOHQW SDV MRXHU XQ U{OH GDQV ODPDODGLH GLDUUKpLTXH SURYRTXpH SDU (+(& 3KLOSRWW HW DO
'DQVOHVFHOOXOHVLQWHVWLQDOHV7YLYHQW(+(&PDLVOHVFHOOXOHVQHVRQWSDVWXpHVGDQVXQ
PLOLHXFRQGLWLRQQpSHUWXUEHQWDLQVLODEDUULqUHGHV7-VDYHFUHGLVWULEXWLRQGHVSURWpLQHV=2HW
RFFOXGLQH FH TXL VXJJqUH TXH O












OD EDUULqUH j WUDYHUV O
DWWDFKHPHQW DX[ FHOOXOHV pSLWKpOLDOHV LQWHVWLQDOHV /HV LQIHFWLRQV j (3(&
LQGXLWXQHK\SHUSHUPpDELOLWpSDUDFHOOXODLUHGDQVOHVLQWHVWLQVGHVRXULVLOpRQHWGXFRORQHWGHV
FHOOXOHV LQWHVWLQDOHV7 FRPPH LQGLTXp SDU XQH GLPLQXWLRQ7(5 0X]D0RRQV HW DO 
'DQVOHVFHOOXOHV7LQIHFWpHVSDU(3(&XQUpDUUDQJHPHQWGXF\WRVTXHOHWWHHWODGLVWULEXWLRQGH
SURWpLQHVDEHUUDQWHV7-=2RFFOXGLQHHWFODXGLQHVRQWREVHUYpV0X]D0RRQVHWDO
,O D pWp GpPRQWUp TXH OD SHUWXUEDWLRQ GH OD EDUULqUH (3(& HVW DWWpQXpH SDU O
LQKLELWLRQ
SKDUPDFRORJLTXHGHFKDTXH3.&6DYNRYLF HWDO7RPVRQHWDO  0L\DNH HW DO
 RQW UpYpOp TXH OD UXSWXUH GH OD EDUULqUH HVW PpGLpH SDU GHX[ PROpFXOHV HIIHFWULFHV GHV
(3(&E. coli SURWpLQH VpFUpWpH) (63) HW ODSURWpLQHPLWRFKRQGULDOH DVVRFLpH 0DS HW XQH
















%U\QHVWDGHW*UDQXPC. perfringens LQGXLW ODGLDUUKpHSDU ODVpFUpWLRQGH O
HQWpURWR[LQH
&3(N'D0F&ODQHHWDO&3(FRQVLVWHHQGHX[GRPDLQHVIRQFWLRQQHOVXQGRPDLQH
SRXU OD F\WRWR[LFLWp HQ UpJLRQ 1WHUPLQDOH 1&3( HW XQH UpJLRQ GH OLDLVRQ DX UpFHSWHXU HQ
UpJLRQ &WHUPLQDOH &&3( +DQQD HW DO  'HX[ UpFHSWHXUV IRQFWLRQQHOV SRXU OHV &3(
H[SULPpHVGDQVOHVGLYHUVW\SHVGHFHOOXOHV\FRPSULVOHVFHOOXOHVpSLWKpOLDOHVLQWHVWLQDOHVRQWpWp
LGHQWLILpV FRPPH &3(5 HW 935 .DWDKLUD HW DO  )DLW LQWpUHVVDQW j FRQVWDWHU OHV 
UpFHSWHXUV RQW pWp GpVLJQpV FRPPH FODXGLQH HW  1&3( HW &&3( LQGXLVHQW XQH
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D ORZ PROHFXODU ZHLJKW KHDWUHVLVWDQW WR[LQ UHVSRQVLEOH IRU GLDUUKHD LQ IDUP DQLPDOV PDLQO\
VZLQH$SUHYLRXVVWXG\GHPRQVWUDWHGWKDWFHOOVKDYLQJLQWHUQDOL]HG67EWR[LQLQGXFHHSLWKHOLDO
EDUULHU G\VIXQFWLRQ WKURXJK FKDQJHV LQ WLJKW MXQFWLRQ 7- SURWHLQV 7KHVH PRGLILFDWLRQV
FRQWULEXWH SUREDEO\ WR WKH GLDUUKHD REVHUYHG7R JDLQ LQVLJKW LQWR WKHPHFKDQLVPRI LQFUHDVHG
LQWHVWLQDOSHUPHDELOLW\IROORZLQJ67EH[SRVXUHZHWUHDWHGKXPDQFRORQFHOOV7ZLWKSXULILHG
67E WR[LQ DIWHUZKLFK FHOOVZHUH KDUYHVWHG DQG SURWHLQV H[WUDFWHG8VLQJ D 1RQLGHW 3
FRQWDLQLQJVROXWLRQZHLQYHVWLJDWHGWKHGLVWULEXWLRQRIFODXGLQDPDMRUVWUXFWXUDODQGIXQFWLRQDO
7-SURWHLQ UHVSRQVLEOH IRU WKH HSLWKHOLXP LPSHUPHDELOLW\ EHWZHHQPHPEUDQH 13LQVROXEOH
DQGWKHF\WRSODVPLF13VROXEOH ORFDWLRQ8VLQJLPPXQREORWDQGFRQIRFDOPLFURVFRS\ZH






DQWLSKRVSKRWKUHRQLQH DQWLERGLHV ZH REVHUYHG WKDW WKH ORVV RI PHPEUDQH FODXGLQ ZDV
DFFRPSDQLHGE\GHSKRVSKRU\ODWLRQRIWKLV7-SURWHLQ2YHUDOORXUILQGLQJVVKRZHGDQLPSRUWDQW
UHGLVWULEXWLRQRIFODXGLQLQFHOOVWUHDWHGZLWK67EWR[LQ7KHORVVRISKRVSKRU\ODWHG7-




(QWHURWR[LJHQLF Escherichia coli (7(& UHSUHVHQW DQ LPSRUWDQW FDXVH RI VHYHUH GLDUUKHD LQ
QHZERUQDQLPDOV>@DQGGLDUUKHDLQ0DQIROORZLQJWKHLQJHVWLRQRIFRQWDPLQDWHGIRRGDQGZDWHU
>@([SUHVVLRQ RI ERWK FRORQL]DWLRQ IDFWRUV DQG WR[LQV DUH UHTXLUHG IRU GLVUXSWLRQ RI LQWHVWLQDO
IOXLGKRPHRVWDVLV OHDGLQJ WRGLDUUKHD>@(7(&VWUDLQVDUHNQRZQ WRSURGXFHVHYHUDO W\SHVRI




67E D DPLQRDFLG SHSWLGH RI  N'D VHFUHWHG E\(7(& VWUDLQV LVPDLQO\ DVVRFLDWHGZLWK
SRVWZHDQLQJ GLDUUKHD LQ SLJOHWV >@ In vivo 67E ELQGV WR LWV UHFHSWRU VXOIDWLGH DQ DFLGLF
JO\FRVSKLQJROLSLG ORFDOL]HG DW WKH VXUIDFH RI LQWHVWLQDO HSLWKHOLDO FHOOV >@ 7KHQ 67E LV
LQWHUQDOL]HG DQG VWLPXODWHV D SHUWXVVLV WR[LQVHQVLWLYH * SURWHLQ *DL >@ 7KLV FDXVHV DQ
LQIOX[RI H[WUDFHOOXODU FDOFLXP LRQV WKURXJK D OLJDQGJDWHG FDOFLXP LRQFKDQQHO7KH LQFUHDVHG
LQWUDFHOOXODU&D VWLPXODWHVSURWHLQNLQDVH&3.&WKDWSKRVSKRU\ODWHVDQGDFWLYDWHVWKHF\VWLF
ILEURVLV WUDQVPHPEUDQH UHJXODWRU &)75 OHDGLQJ WR &O VHFUHWLRQ 7KH FDOFLXP LQFUHDVH DOVR
DFWLYDWHV SKRVSKROLSDVHV $ UHVSRQVLEOH IRU WKH UHOHDVH RI DUDFKLGRQLF DFLG IURP PHPEUDQH
SKRVSKROLSLGVOHDGLQJWRSURGXFWLRQRISURVWDJODQGLQ( 3*(DQGK\GUR[\WU\SWDPLQH+7







WKDQ67E WR WKH YLUXOHQFH RI)SRVLWLYH(7(&VWUDLQ LQIHFWLRQV >@+RZHYHU UHFHQWGDWD E\
/RRVHWDOGLGQRWVXSSRUWDJUHDWHUUROHRI/7EXWLQVWHDGVXJJHVWHGDGRPLQDQWUROHIRU
67E LQ VPDOO LQWHVWLQDO VHFUHWLRQ HDUO\ DIWHU SRVWZHDQLQJ LQIHFWLRQ DV ZHOO DV LQ WKH LQGXFHG




VHUYHV DV DQ HQYLURQPHQWDO EDUULHU >@ 7KLV EDUULHU FRPSULVHV D QXPEHU RI WUDQVPHPEUDQH
SURWHLQV LQFOXGLQJ EXW QRW OLPLWHG WR WLJKW MXQFWLRQ 7- SURWHLQV OLNH RFFOXGLQV FODXGLQV DQG




LRQV VROXWHV DQG ZDWHU WKURXJK LQWHUFHOOXODU VSDFHV DQG DFW DV D IHQFH GLYLGLQJ DSLFDO DQG





$OWKRXJK KXPDQ HSLWKHOLDO FHOOV KDYH LQFRUSRUDWHG EDUULHUV WR EORFN PLFURRUJDQLVPV WR JDLQ
DFFHVV WR GHHSHU FHOO OD\HUVZLWKLQ WLVVXHV FHUWDLQ SDWKRJHQV KDYH HYROYHG WR H[SORLW DQG WKXV
FRQWURO 7-V WR DOWHU WKLV EDUULHU 7KHVH SDWKRJHQV XVH DQ DUUD\ RI WDFWLFV WR KLMDFN MXQFWLRQDO
VWUXFWXUHV WR WKHLU DGYDQWDJH 6RPH SDWKRJHQV XVH7- SURWHLQV DV UHFHSWRUV IRU DWWDFKPHQW DQG
VXEVHTXHQWLQWHUQDOL]DWLRQ2WKHUVGHVWUR\WKH7-VWKHUHE\SURYLGLQJDJDWHZD\WRWKHXQGHUO\LQJ
WLVVXH )RU H[DPSOH SDWKRJHQV VXFK DV HQWHURSDWKRJHQLF E. coli VHURW\SH 2+ >@





VWXG\ EDFWHULDO HQWHURWR[LQ VHFUHWRU\ SURFHVVHV >@.UHLVEHUJ HW DO  REVHUYHG WKDW /7
SURGXFLQJ VWUDLQV FRXOG DIIHFW FHOOXODU SHUPHDELOLW\ LQGHSHQGHQWO\ RI 67D SURGXFWLRQ >@
+RZHYHULQDVWXG\RI1DNDVKLPDHWDO67DHOLFLWHGDUHGXFWLRQLQ7(5DQGFDXVHVQRW
RQO\LQGXFWLRQRIZDWHUVHFUHWLRQEXWDOVRLQWHVWLQDOEDUULHUG\VIXQFWLRQEXWGLGQRW LQFUHDVHWKH










VHOHFWLYHO\ FRQFHQWUDWHG DW 7-V PRQLWRUHG DV 13LQVROXEOH PDWHULDO >@ 'HWHUJHQW




3.&LVD IDPLO\RI VHULQHWKUHRQLQHNLQDVHVNQRZQ WR UHJXODWHHSLWKHOLDOEDUULHU IXQFWLRQ3.&
DUH HSLWKHOLDO FDOFLXPGHSHQGHQW HQ]\PHV DQG DSSHDUV WR UHJXODWH ERWK VXEFHOOXODU ORFDOL]DWLRQ
DQGSKRVSKRU\ODWLRQVWDWHVRIVHYHUDO7-DVVRFLDWHGSURWHLQVLQFOXGLQJFODXGLQ>@7KHDLPRI




Culture media, antibodies, and reagents
'XOEHFFR¶VPRGLILHG(DJOHPHGLXP'0(0+DP¶V)QXWULHQWPL[WXUH )SKRVSKDWH
EXIIHUHGVDOLQH3%6S+IUHHRIFDOFLXPFKORULGHDQGPDJQHVLXPFKORULGHIHWDOERYLQH
VHUXP )%6 UDEELW SRO\FORQDO DQWLFODXGLQ JRDW DQWLUDEELW $OH[D  DQWLERGLHV ERYLQH
VHUXP DOEXPLQ %6$ DQG '$3, ¶GLDPLGLQR SKHQ\OLQGROH GLK\GURFKORULGH ZHUH
SXUFKDVHG IURP ,QYLWURJHQ &DQDGD ),7&SKDOORLGLQ DQG ,VRSURS\O'WKLRJDODFWRS\UDQRVLGH
,37* ZDV SXUFKDVHG IURP 6LJPD )DFWRU ;D ZDV IURP 5RFKH DQG SKHQ\PHWKDQHVXOIRQ\O
IOXRULGH 306) ZDV IURP *LEFR %5/ $QWLSKRVSKRVHULQH DQG  DQWLSKRVSKRWKUHRQLQH
DQWLERGLHVZHUHSXUFKDVHGIURP$EFDP













DQG P0 ('7$ $IWHU FHQWULIXJDWLRQ DW  [ J IRU  PLQ DW & DQ RVPRWLF VKRFN RI
EDFWHULD ZDV LQGXFHG XVLQJ D VROXWLRQ RI  P00J62 FRQWDLQLQJ  P0 306) DQG WKHQ
FHQWULIXJHGDWJIRUPLQDW&7KHVXSHUQDWDQWFRQWDLQLQJ WKHIXVLRQSURWHLQ0%3
67EZDV ILOWHUVWHULOL]HG XVLQJ D PSRUHVL]H WDQJHQWLDO IORZ ILOWHU 9DFX&DS 3DOO /LIH














Intestinal cell culture and treatments
7KXPDQFRORQLQWHVWLQDOHSLWKHOLDOFHOOVXVHGDVDPRGHOWRVWXG\WKHHIIHFWVRIHQWHURWR[LQV
RQ7-SURWHLQV >@ZHUHREWDLQHG IURP WKH$PHULFDQ7\SH&XOWXUH&ROOHFWLRQ&HOOV
SDVVDJH  WR  ZHUH PDLQWDLQHG LQ HTXDO YROXPHV RI 'XOEHFFR¶V 0RGLILHG (DJOH 0HGLXP
'0(0DQG)VXSSOHPHQWHGZLWKYROYROIHWDOERYLQHVHUXP)%6,QYLWURJHQ
44  
&DQDGD &HOOV ZHUH JURZQ LQ 7 FXOWXUH IODVNV 6DUVWHGW &DQDGD DW &  &2 LQ D
KXPLGLILHG LQFXEDWRU&HOOYLDELOLW\RI7FHOO OLQHZDVPHDVXUHGXVLQJ7U\SDQEOXH>@)RU













$IWHU 67E WUHDWPHQW FHOOV ZHUH ZDVKHG WKUHH WLPHV ZLWK FROG 3%6 DQG FHQWULIXJHG IRU 









Gel Electrophoresis and immunoblotting
)RU HOHFWURSKRUHVLV HTXDO DPRXQWV RI WRWDO SURWHLQ ZLWKLQ HDFK IUDFWLRQ ZHUH ORDGHG RQWR D
SRO\DFU\ODPLGH JHO 3URWHLQV ZHUH GLVVROYHG LQ VDPSOH EXIIHU  JO\FHURO  E
PHUFDSWRHWKDQRO6'607ULV+&OS+EURPRSKHQROEOXHDQGKHDWHG
IRUPLQXWHVDW&6DPSOHVZHUHUHVROYHGE\RQHGLPHQVLRQDO6'63$*(DVGHVFULEHGE\
/DHPPOL XVLQJ DJHO DQG WKH IUDFWLRQHGSURWHLQVZHUH HOHFWUREORWWHGRQWRD39')
PHPEUDQHV 0LOOLSRUH  P SRUH VL]H %HGIRUG 0$ &DQDGD >@ $IWHU EORFNLQJ WKH
45  
PHPEUDQHZLWKPLONLQ3%6FRQWDLQLQJ7ZHHQ3%67PHPEUDQHVZHUHLQFXEDWHG




WKH VSHFLILF EDQGVZDV TXDQWLILHG XVLQJ ,PDJH- 1DWLRQDO ,QVWLWXWHV RI+HDOWK%HWKHVGD0'












Immunofluorescence microscopy of actin cytoskeleton and tight junction proteins
)RU FODXGLQ VWDLQLQJ 7 FHOOV ZHUH VHHGHG RQ FRYHU VOLSV DW [FHOOVPO DQG IL[HGZLWK
HWKDQROIRUPLQXWHV&HOOVZHUHWKHQSHUPHDELOL]HGZLWK7ULWRQ;LQ3%6IRU
PLQXWHVVRDNHGLQEORFNLQJVROXWLRQ3%6FRQWDLQLQJ%6$IRUKDQGWKHQLQFXEDWHGZLWK
WKHDQWLFODXGLQDQWLERG\  IRUK LQDPRLVWFKDPEHU7KHVDPSOHVZHUHZDVKHG WKUHH
WLPHVZLWK3%6DQG WKHQ LQFXEDWHGIRUKZLWK),7&FRQMXJDWHGJRDWDQWLUDEELW ,J*%LRUDG
6DPSOHV ZHUH WKHQ ZDVKHG ZLWK 3%6 WKUHH WLPHV PRXQWHG LQ 3%6 FRQWDLQLQJ  S- 
SKHQ\OHQHGLDPLQHDQGJO\FHURO

)RU VWDLQLQJRI)DFWLQ ILODPHQWV FHOOVZHUHZDVKHG WKUHH WLPHVZLWK3%6SHUPHDELOL]HGZLWK
7ULWRQ;IRUPLQDWURRPWHPSHUDWXUHDQGEORFNHGZLWK%6$±3%6IRUPLQ





)RU FODXGLQ GLVORGJPHQW VWXG\ LQ &DIUHH PHGLXP D OLQHDU PL[HG PRGHO ZDV XVHG ZLWK
WUHDWPHQW DV D IL[HG IDFWRU DQG LG DV D UDQGRP IDFWRU WR DFFRXQW IRU WKH ODFN RI LQGHSHQGHQFH










STb affects the distribution of claudin-1
6LQFH67EWR[LQZDVSUHYLRXVO\VKRZQWRLQFUHDVHSDUDFHOOXODUSHUPHDELOLW\>@ZHZDQWHGWR
DGGUHVVZKHWKHUWUDQVORFDWLRQRI7-SURWHLQVZDVLQYROYHGLQWKLVSURFHVV:HWKXVDQDO\]HGWKH








ZDV PHDVXUHG DQG FRPSDUHG WR WKH LQWHQVLW\ RI *$3'+ RXU LQWHUQDO FRQWURO 7KH QHJDWLYH
FRQWUROFRQVLVWHGRIXQWUHDWHGFHOOPRQROD\HU











ILEHUV DQG FODXGLQ SURWHLQV VXUURXQGLQJ FHOO ERXQGDULHV ZKLOH 67EWUHDWHG FHOO PRQROD\HUV
H[KLELWHG D ORVV RI RUJDQL]DWLRQ DQG IRFDO JURXSLQJ RI FODXGLQZLWK FRQGHQVDWLRQ RI )DFWLQ
ILODPHQWV)LJ

Effect of Ca++ on the rate of claudin-1 redistribution
&DOFLXP SOD\V D FULWLFDO UROH LQ WKH UHJXODWLRQ RI VHYHUDO FHOOXODU SURFHVVHV $V &D ZDV











13VROXEOH FODXGLQ )LJ $ DQG % ZKLWH EDU )RU 67EWUHDWHG FHOOV LQ &DHQULFKHG
PHGLXPFKDQJHVLQWKHGLVWULEXWLRQRIFODXGLQZHUHDSSDUHQWDIWHUKDQGZHUHVLPLODUDIWHU
DQGK)LJZKLWHEDU2YHUDOOFRPSDUHGWR*$3'+WKHDPRXQWRIFODXGLQZDVVLPLODU
XQGHU WKHYDULRXV FRQGLWLRQV WHVWHG2QO\ WKHGLVWULEXWLRQEHWZHHQPHPEUDQH DQG F\WRSODVPLF
ORFDWLRQVZDVDIIHFWHG






FHOO DVZHOO DV VWUHVV ILEHUV )LJ  FDOFLXPIUHH DQG FDOFLXPHQULFKHG +RZHYHU DIWHU K LQ
FDOFLXPHQULFKHGPHGLXP 67EWUHDWHG FHOO PRQROD\HUV H[KLELWHG GLVUXSWLRQ RI DFWLQ ILODPHQWV
VXUURXQGLQJ WKH FHOOVDQGVWUHVV ILEHUVZLWKFRQGHQVDWLRQRI)DFWLQ ILODPHQWV )LJFDOFLXP
HQULFKHG67E ,Q FDOFLXPIUHH PHGLXP DFWLQ FRQGHQVDWLRQ ZDV QRW REVHUYHG EHIRUH K LQ
SUHVHQFHRI67EWR[LQ'DWDQRWVKRZQ









Phosphorylation state of claudin-1
7KH SKRVSKRU\ODWLRQ VWDWH RI FODXGLQ LQ 13LQVROXEOH PHPEUDQH ORFDWLRQ DQG VROXEOH
IUDFWLRQ F\WRSODVPLF ORFDWLRQ ZDV VWXGLHG )RU FRPSDULVRQ SXUSRVHV FODXGLQ OHYHOV ZHUH
DGMXVWHGLQWKHYDULRXVIUDFWLRQVWRWKHVDPHOHYHODVFDQEHREVHUYHGZLWKDQWLFODXGLQ)LJ
 ,Q XQWUHDWHG 7 FHOOV WKUHRQLQH SKRVSKRU\ODWLRQ ZDV REVHUYHG LQ WKH 13LQVROXEOH
IUDFWLRQ XVLQJ DQWLSKRVSKRWKUHRQLQH DQWLERGLHV )LJ % OHIW SDQHOZKLOH QRQSKRVSKRU\ODWHG
WKUHRQLQHZDV IRXQG LQ WKH13VROXEOH IUDFWLRQ)LJ$ OHIWSDQHO0RUHRYHU WKH OHYHORI
SKRVSKRWKUHRQLQHLQFODXGLQZDVUHGXFHGLQWKH13LQVROXEOHIUDFWLRQDIWHUKRIH[SRVXUH
WR67EWR[LQ)LJ%ULJKWSDQHO7KXV67EWR[LQLQGXFHVWKHGLVORGJPHQWRIFODXGLQIURP
PHPEUDQH WR F\WRSODVPLF ORFDWLRQ DQG WKLV FKDQJH FRUUHODWHG ZLWK WKH REVHUYDWLRQ RI QRQ




$ QXPEHU RI IDFWRUV FDQ EH UHVSRQVLEOH IRU HSLWKHOLDO EDUULHU G\VIXQFWLRQ LQFOXGLQJPLFURELDO
LQIHFWLRQ(QWHULFSDWKRJHQVKDYHGHYHORSHGVWUDWHJLHVWKDWLQGXFHWKHSURGXFWLRQRIGLDUUKHDLQ
49  
LQIHFWHGKRVWV WKURXJKGLVUXSWLRQRI LQWHUFHOOXODU7-V>@0DQ\VWXGLHVKDYHLQGLFDWHG WKDW
WR[LQV FDQ PRGXODWH WKH HSLWKHOLDO EDUULHU E\ WDUJHWLQJ MXQFWLRQDO DV ZHOO DV F\WRVNHOHWDO FHOO
FRPSRQHQWV DQG WKXV IRU VRPH SDWKRJHQV WKH FKDQJHV IDFLOLWDWHV LQYDVLRQ DFURVV WKH PXFRVDO
VXUIDFH >@ ,Q WKLV VWXG\ ZH LQYHVWLJDWHG HIIHFWV RI 67E WR[LQ RQ FODXGLQ ORFDWLRQ DQG
SKRVSKRU\ODWLRQOHYHOVLQFXOWXUHG7HSLWKHOLDOFHOOV

/7 DQG67D WR[LQZHUH UHFHQWO\ VKRZQ WR FDXVH DQ LQFUHDVH LQ WKH HSLWKHOLDO FHOO SHUPHDELOLW\






:H ILUVW DVVHVVHG FODXGLQ ORFDWLRQ LQ 7 FHOOV E\ LPPXQRVWDLQLQJ DQG FRQIRFDO LPDJLQJ
&ODXGLQ DQG RFFOXGLQ KDV EHHQ GHPRQVWUDWHG EHIRUH WR EH DSLFDOO\ ORFDWHG VHDOLQJ WKH 7-V
>@,WKDVDOVREHHQVXJJHVWHGWKDWFODXGLQFRQWULEXWHWRFHOODGKHVLRQ>@ ,QRXUVWXG\







PRGLILFDWLRQ RI 7- VWUDQGV >@ 5HRUJDQL]DWLRQ RI WKH DFWLQ ULQJ DOVR UHVXOWV LQ ORVV RI WLJKW
MXQFWLRQLQWHJULW\>@67EZDVSUHYLRXVO\IRXQGWRDIIHFWWKHDFWLQULQJRI7FHOOV>@7KH
DXWKRUVDOVRUHSRUWHGVKRUWHQLQJRIWKHDFWLQILODPHQWVDQGDSSHDUDQFHRIDFWLQFRQGHQVDWLRQDIWHU










7- SURWHLQ FODXGLQ 7KH FODXGLQ FRQWHQW RI WKH PHPEUDQH IUDFWLRQ GHFUHDVHG ZLWK 67E
WUHDWPHQWLQDWLPHGHSHQGHQWPDQQHU)LJZKLOHWKHFODXGLQFRQWHQWRIWKH13VROXEOH
IUDFWLRQ LQFUHDVHG ZLWK WLPH LQGLFDWLQJ WKDW FODXGLQ WUDQVORFDWH IURP WKH PHPEUDQH WR WKH




RI (7(& E\ DOORZLQJ WKH SDVVDJH RI HOHFWURO\WHV DQG ZDWHU WKURXJK WKH SDUDFHOOXODU VSDFH
'UH\IXV HW DO  H[DPLQHG WKH HIIHFW RI 67E RQ WKH LQWHUQDO &D FRQFHQWUDWLRQ RI
WUDQVIRUPHGDQGSULPDU\FHOOVRIGLIIHUHQW WLVVXHVDQGDQLPDOVSHFLHV7KH\VXJJHVWHG WKDW67E
RSHQV D *73ELQGLQJ UHJXODWRU\ SURWHLQOLQNHG UHFHSWRURSHUDWHG &D FKDQQHO LQ WKH SODVPD





DUDFKLGRQLF DFLG IURP PHPEUDQH SKRVSKROLSLGV OHDGLQJ WR WKH IRUPDWLRQ RI LQWHVWLQDO
VHFUHWDJRJXHV 3*(DQG +7ZKLFKPHGLDWHZDWHU DQG HOHFWURO\WH WUDQVSRUW RXW RI LQWHVWLQDO




,W KDV EHHQ SURSRVHG WKDW FODXGLQV FDQ EH UHJXODWHG E\ 3.&PHGLDWHG SKRVSKRU\ODWLRQ
PRGXODWLQJ EDUULHU IXQFWLRQ LQ WKH FHOOV >@ 7KXV LQ &DFR FHOOV LQDFWLYDWLRQ RI 3.&ĭ
UHGXFHGSKRVSKRU\ODWLRQRIFODXGLQDQGGHFUHDVHGWKHPHPEUDQHWRF\WRVROLFGLVWULEXWLRQRIWKH
FODXGLQ >@ ,Q RYDULDQ FDQFHU FHOOV SKRUERO HVWHUPHGLDWHG 3.& DFWLYDWLRQ LQGXFHG





>@%DVHG RQ WKH IDFW WKDW 67E DFWLYDWHV3.& DQG WKDW 67ERSHQV D*73ELQGLQJ UHJXODWRU\
SURWHLQOLQNHGUHFHSWRURSHUDWHG&D FKDQQHOLQWKHSODVPDPHPEUDQH>@ZHFDQK\SRWKHVL]H
WKDW3.&VLJQDOOLQJSDWKZD\PD\EHLQYROYHGLQ7-VG\VIXQFWLRQDVZHOODVF\WRVNHOHWDOFKDQJHV
,Q7XQWUHDWHG FHOOV SKRVSKRU\ODWHG FODXGLQVZDV IRXQGRQO\ LQ13 LQVROXEOH IUDFWLRQ
ZKHUHDVLQ13VROXEOHIUDFWLRQFODXGLQZDVQRWSKRVSKRU\ODWHG6LQFH67ELQGXFHVDPDMRU





PRQROD\HUV LQ UHVSRQVH WR 67E WR[LQ $ 13VROXEOH DQG % 13LQVROXEOH IUDFWLRQV
%ODFNXQWUHDWHGFHOOVZKLWHFHOOVWUHDWHGZLWK67EIRUYDULRXVWLPHV/RZHUSDQHO,PPXQREORW
VKRZLQJFODXGLQDQG*$3'+XVHGWRHYDOXDWHWKHLUUHODWLYHDPRXQWV3URWHLQVZHUHVHSDUDWHG
RQ D  DFU\ODPLGH 6'63$*( DQG LPPXQREORWWHG ZLWK DSSURSULDWH DQWLERGLHV $IWHU K
67EWUHDWPHQWLQGXFHGDORVVRIFODXGLQLQWKH13LQVROXEOHIUDFWLRQPHPEUDQHORFDWLRQ
$WWKHVDPHWLPHDFRPSDUDEOHLQFUHDVHRIFODXGLQZDVREVHUYHGLQWKH13VROXEOHIUDFWLRQ
F\WRSODVP ORFDWLRQ Q +RZHYHUQRGLIIHUHQFHVZHUHREVHUYHGEHWZHHQ67EWUHDWHGDQG 
XQWUHDWHG FHOO PRQROD\HUV DIWHU  RU K WUHDWPHQW &/'1 FODXGLQ *$3'+
*O\FHUDOGHK\GHSKRVSKDWHGHK\GURJHQDVH

Figure 2 (IIHFW RI 67ERQ FODXGLQ DQG )DFWLQ DUUDQJHPHQW$IWHU K WUHDWPHQWZLWK67E
7 FHOOV ZHUH IL[HG SHUPHDELOL]HG DQG LQFXEDWHG ZLWK DQWLFODXGLQ DQWLERG\ 6HFRQGDU\
DQWLERG\ FRXSOHG WR $OH[D  ZDV WKHQ DGGHG )DFWLQ ZDV VWDLQHG XVLQJ ),7&SKDOORLGLQ
8QWUHDWHG FHOO PRQROD\HUV VWDLQHG IRU FODXGLQ VKRZHG FRQWLQXRXV EDQGV DURXQG HDFK FHOO
ZKHUHDV 67E WR[LQ SURYRNHG D ORVV RI WKH ³FKLFNHQ ZLUH´ SDWWHUQ ZLWK IRFDO JURXSLQJ  ,Q
XQWUHDWHG FHOOPRQROD\HUV UHJXODUO\ DUUDQJHG DFWLQ ILODPHQWV DURXQG FHOO FRQWRXU DQG DV VWUHVV
ILEHUV ZHUH REVHUYHG ,Q 67EWUHDWHG FHOOV FRQGHQVDWLRQ RI WKH )DFWLQ ZDV REVHUYHG 7KUHH
LQGHSHQGHQWH[SHULPHQWVZHUHFRQGXFWHGDQGUHSUHVHQWDWLYHLPDJHVDUHVKRZQ%DUP

Figure 3 'LVWULEXWLRQ RI FODXGLQ LQ 13VROXEOH DQG LQVROXEOH IUDFWLRQV LQ 7 FHOO
PRQROD\HUVLQUHVSRQVHWR67EWR[LQDIWHU&D HQULFKPHQW$13VROXEOHDQG%13
LQVROXEOH IUDFWLRQV *UD\ FDOFLXPIUHH PHGLXP EODFN FDOFLXPHQULFKHG PHGLXP ZKLWH
FDOFLXPHQULFKHGPHGLXP WUHDWHGZLWK 67E /RZHU SDQHO ,PPXQREORW VKRZLQJ FODXGLQ DQG
*$3'+ XVHG WR HYDOXDWH WKHLU UHODWLYH DPRXQWV 7 FHOOV ZHUH JURZQ LQ FDOFLXPHQULFKHG
PHGLXPP0IRUKDQGWUHDWHGZLWK67EWR[LQIRURUK&HOOVZHUHH[WUDFWHGZLWK
1RQLGHW 3 EXIIHU ,Q &DHQULFKHGPHGLXP WKH DPRXQW RI13LQVROXEOH FODXGLQZDV
LQFUHDVHGFRPSDUHG WR FDOFLXPIUHH FRQGLWLRQ$GGLWLRQRI67E WR[LQSURYRNHVGLVORGJPHQWRI
13LQVROXEOH FODXGLQ WR WKH VROXEOH IUDFWLRQ Q  &/'1 FODXGLQ *$3'+
*O\FHUDOGHK\GHSKRVSKDWHGHK\GURJHQDVH
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Figure 4(IIHFWRI&DHQULFKPHQWRQ WKH UDWHRI67E WR[LQDFWLYLW\&HOOVJURZQLQFDOFLXP
IUHHDQGFDOFLXPHQULFKHGP0PHGLDZHUHFRPSDUHGDIWHUDQGK&RQIRFDOPLFURVFRS\
ZDVXVHG WR DQDO\]H WKH GLVWULEXWLRQRI DFWLQ ILODPHQWV VWDLQHGZLWK),7&SKDOORLGLQ&DOFLXP





13LQVROXEOH IUDFWLRQV *UD\ FDOFLXPIUHH PHGLXP EODFN 0JHQULFKHG PHGLXP ZKLWH
0JHQULFKHGPHGLXPWUHDWHGZLWK67EIRUDQGK/RZHUSDQHO ,PPXQREORWVKRZLQJ
FODXGLQ DQG*$3'+ XVHG WR HYDOXDWH WKHLU UHODWLYH DPRXQWV 13 FHOO H[WUDFWHG SURWHLQV
ZHUH VHSDUDWHG RQ D  DFU\ODPLGH 6'63$*( DQG LPPXQREORWWHGZLWK DQWLFODXGLQ DQG
DQWL*$3'+DQWLERGLHV7KHFDOFLXPIUHHPHGLXPZDV0JHQULFKHGP07KHUHZDVQR
VLJQLILFDQWGLIIHUHQFH LQ FODXGLQ GLVORJPHQW UDWH XQGHU0JHQULFKHG FRQGLWLRQ FRPSDUHG WR






13LQVROXEOH IUDFWLRQV *UD\ FDOFLXPIUHH PHGLXP EODFN =QHQULFKHG PHGLXP ZKLWH
=QHQULFKHGPHGLXPWUHDWHGZLWK67E IRUDQGK/RZHUSDQHO ,PPXQREORW VKRZLQJ
FODXGLQ DQG *$3'+ XVHG WR HYDOXDWH WKHLU UHODWLYH DPRXQWV 13 FHOO H[WUDFWHG SURWHLQV
ZHUH VHSDUDWHG RQ D  DFU\ODPLGH 6'63$*( DQG LPPXQREORWWHGZLWK DQWLFODXGLQ DQG
DQWL*$3'+DQWLERGLHV7KHFDOFLXPIUHHPHGLXPZDV=QHQULFKHGP07KHUHZDVQR









HQULFKHG PHGLXP 67E SURYRNHG DFWLQ FRQGHQVDWLRQ DIWHU K ,Q FDOFLXPIUHH PHGLXP DFWLQ
FRQGHQVDWLRQZDVREVHUYHGRQO\DIWHUK'DWDQRWVKRZQ%DUP

Figure 8. (IIHFWRI=QHQULFKPHQWRQ WKHUDWHRI67E WR[LQDFWLYLW\&HOOVJURZQLQFDOFLXP
IUHH DQG ]LQFHQULFKHG P0PHGLDZHUH FRPSDUHG DIWHU  DQG K&RQIRFDOPLFURVFRS\
ZDV XVHG WR DQDO\]H WKH GLVWULEXWLRQ RI DFWLQ ILODPHQWV VWDLQHG ZLWK ),7&SKDOORLGLQ =LQF




Figure 9 3KRVSKRU\ODWLRQ VWDWH RI FODXGLQ DV IRXQG LQ WKH PHPEUDQH DQG F\WRSODVPLF
ORFDWLRQV $13VROXEOH DQG %13LQVROXEOH IUDFWLRQV RI 67EWUHDWHG 7 FHOOV /HIW
SDQHOXQWUHDWHGULJKWSDQHO67EWUHDWHG&HOOSURWHLQVH[WUDFWHGZLWK13ZHUHPLJUDWHGRQD
 DFU\ODPLGH 6'63$*( DQG LPPXQREORWWHGZLWK DQWLSKRVSKRWKUHRQLQH $QWL3WKU 7KH
DPRXQWRIFODXGLQZDVDGMXVWHGWRWKHVDPHOHYHOLQWKHYDULRXVIUDFWLRQVXVLQJWKHDQWLFODXGLQ
 DQWLERGLHV DQWL&/'1 7KH FODXGLQ LQ 13LQVROXEOH IUDFWLRQ LV SKRVSKRU\ODWHG
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DISCUSSION GÉNÉRALE ET CONCLUSION
/HV MRQFWLRQV VHUUpHVVRQW GHV MRQFWLRQVLQWHUFHOOXODLUHV VLWXpHVGX F{Wp DSLFDO0DOJUp OHXU
DSSDUHQFH FHVSURWpLQHV WUDQVPHPEUDQDLUHV FRXYUHQW O
HVSDFH LQWHUFHOOXODLUHGLPLQXHQW OD]RQH
SDUDFHOOXODLUHHWVRQWHVVHQWLHOOHVSRXUOHXUIRQFWLRQ6RXYHQWGHWUqVSHWLWHVRXYHUWXUHVH[LVWHQW
DX QLYHDX H[WUDFHOOXODLUH GDQV FHV VLWHV TXL SHUPHWWHQW OH SDVVDJH GHV PROpFXOHV GH WDLOOH
QDQRPpWULTXH 1LWWDHW DOPDLV O¶pWDQFKpLWpSHXWrWUHEHDXFRXSSOXV VHUUpHPrPHSRXU
OLPLWHU OHV PROpFXOHV G
HDX )XUXVH HW DO  *UkFH j OD PRGLILFDWLRQ GH OD IRQFWLRQ GH
FHUWDLQHVSURWpLQHVGHVMRQFWLRQVVHUUpHVODGpVK\GUDWDWLRQjWUDYHUVODEDUULqUHpSLGHUPLTXHDpWp
REVHUYpH)XUXVHHWDO&HWWHPRGLILFDWLRQGHVMRQFWLRQVVHUUpHVDpJDOHPHQWpWpSURSRVpH







GHV SURWpLQHV DSLFDOHV OLpHV j ODPHPEUDQH j SDUWLU GH FHOOHV DX QLYHDX EDVRODWpUDO GHV pWXGHV
UpFHQWHV VXU OHV FHOOXOHV pSLWKpOLDOHV WRWDOHPHQW SRODULVpHV GpSRXUYXHV GH MRQFWLRQV VHUUpHV RQW
FODLUHPHQWPRQWUpTXHODVpJUpJDWLRQGHVSURWpLQHVHVWPDLQWHQXHVWLPXODQWDLQVLODIRQFWLRQGH
WUDQVPLVVLRQ VpOHFWLYH GHV SURWpLQHV WUDQVPHPEUDQDLUHV GHV MRQFWLRQV VHUUpHV 8PHGD HW DO




7RXWHV FHV SURWpLQHV WUDQVPHPEUDQDLUHV RQW OD FDSDFLWp G¶LQWHUDJLU DYHF OHV PHPEUHV GH OD
JXDQ\ODWH NLQDVH DVVRFLpH j OD PHPEUDQH 0$*8. GH OD IDPLOOH GHV DGDSWDWHXUV
F\WRSODVPLTXHV/HVSURWpLQHV0$*8.OHVSOXVpWXGLpHVDXQLYHDXGHVMRQFWLRQVVHUUpHVVRQWOHV
SURWpLQHV zonula occludens =2=2HW=2=2 D pWp ODSUHPLqUHSURWpLQHGpFRXYHUWH




LGHQWLILpH HW DSSHOpH =2 1RXJD\UHGH HW 'RQQHQEHUJ  2Q FUR\DLW TXH =2 OLH OHV














DO  'DQV GHV HVVDLV ELRFKLPLTXHV OHV FODXGLQHV RQW pWp GpPRQWUpHV SRXU IRUPHU GHV
PXOWLPqUHV $ILQ GH PLHX[ GpILQLU OD FDSDFLWp GH FODXGLQHV LQGLYLGXHOOHV j VH SRO\PpULVHU
<DPD]DNL HW DO  RQW H[SULPpSOXVLHXUV FODXGLQHV GLIIpUHQWHVGDQV XQH OLJQpH GH FHOOXOHV
pSLWKpOLDOHVFRPPHOHVFHOOXOHV6TXLPDQTXHQWODSOXSDUWGHVFODXGLQHVHWTXHQRUPDOHPHQWQH
FRQWLHQQHQWDXFXQGHVEULQVGHMRQFWLRQVVHUUpHV&HVDXWHXUVRQWFRQVWDWpTXHGDQVFHVFHOOXOHV
OHVFODXGLQHVPDLVSDV ODSOXSDUWGHV DXWUHVFODXGLQHVSRXUUDLHQW VHSRO\PpULVHU HW IRUPHUGHV
EULQVTXDQGHOOHVVHURQWH[SULPpHVGHIDoRQVWDEOH

'DQV OHV FHOOXOHV HW OHV WLVVXV pSLWKpOLDX[ LO DSSDUDLW TXH OD SOXSDUW GHV MRQFWLRQV VHUUpHV
FRQWLHQQHQWSOXVG




 &HV DXWHXUV RQW PLV O
DFFHQW VXU FHV FODXGLQHV TXL VRQW H[SULPpHV GDQV OH V\VWqPH
YDVFXODLUH FpUpEUDO \ FRPSULV OD FODXGLQH/HV FODXGLQHVPDUTXpHVSDU IOXRUHVFHQFHRQW VXEL
XQHWUDQVIHFWLRQGDQVGHVFHOOXOHVSDUSDLUHVHW OHV LQWHUDFWLRQVRQWpWpGpWHFWpHVSDU ODPpWKRGH




/HV FODXGLQHV V¶DVVRFLHQW QRQ VHXOHPHQW HQ FLVPDLV DXVVL j WUDYHUV O
HVSDFH SDUDFHOOXODLUH HQ
WUDQV(Q GpSLW GH OD FRQVHUYDWLRQ GH VpTXHQFH FRQVLGpUDEOH HQWUH OHV GLIIpUHQWHV FODXGLQHV OHV
LQWHUDFWLRQV HQWUH OHV GLIIpUHQWHV FODXGLQHV KpWpURW\SLTXHV HQ WUDQV VHPEOHQW rWUH UHODWLYHPHQW
71  
UDUHV 3DU H[HPSOH OHV FODXGLQHV  HW  RQW XQH VLPLODULWp GH VpTXHQFH FRQVLGpUDEOH GDQV OH
SUHPLHUGRPDLQH H[WUDFHOOXODLUHPDLVQ
LQWHUDJLVVHQWSDV HQ WUDQV&HSHQGDQW ODPXWDWLRQG
XQ
VHXO DFLGH DPLQp GDQV OH SUHPLHU GRPDLQH H[WUDFHOOXODLUH GH OD FODXGLQH pWDLW VXIILVDQWH SRXU
IDYRULVHU O



















IRUPHU GHV SRO\PqUHV VWDEOHV DYHF XQH IDLEOH GLIIXVLRQ GDQV ODPHPEUDQH 6KHQ HW DO 
&HSHQGDQWLOHVWLQWpUHVVDQWGHQRWHUTXHORUVTXHOHVFODXGLQHVIOXRUHVFHQWHV*)3IXVLRQQpH±GH












7RXWHV FHV SURWpLQHV WUDQVPHPEUDQDLUHV RQW OD FDSDFLWp G¶LQWHUDJLU DYHF GHV PHPEUHV GH OD
JXDQ\ODWH NLQDVH DVVRFLpH j OD PHPEUDQH 0$*8. GH OD IDPLOOH GHV DGDSWDWHXUV
F\WRSODVPLTXHV/HVSURWpLQHV0$*8.OHVSOXVpWXGLpHVDXQLYHDXGHVMRQFWLRQVVHUUpHVVRQWOHV
SURWpLQHV GH OD ]RQXOD =2 =2 HW =2 =2 D pWp OD SUHPLqUH SURWpLQH GpFRXYHUWH
H[FOXVLYHPHQWDXQLYHDXGHVMRQFWLRQVVHUUpHV6WHYHQVRQHWDO(OOHSHXWLQWHUDJLU
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HIIHWV GH OD FROFKLFLQH HW GH OD F\WRFKDODVLQH% VXU OH GHJUp G
pWDQFKpLWp GHV MRQFWLRQV VHUUpHV
0H]D HW DO  /D FROFKLFLQH HW OD F\WRFKDODVLQH % HQWUDLQHQW GHV SHUWXUEDWLRQV GHV
PLFURWXEXOHV HW PLFURILODPHQWV F\WRSODVPLTXHV UHVSHFWLYHPHQW DYHF XQH GLPLQXWLRQ GH OD
UpVLVWDQFH pOHFWULTXH WUDQVpSLWKpOLDOH 7((5 /
pOLPLQDWLRQ GX&D H[WUDFHOOXODLUH D pJDOHPHQW
FRQGXLW j O






GH OD7((5 ORUVTXH O¶pSLWKpOLXPGH OD YpVLFXOH ELOLDLUH D pWp H[SRVp j GHV FRQGLWLRQV GH&D
H[WUDFHOOXODLUH 1RQ VHXOHPHQW FHW HIIHW HVW UpYHUVLEOH PDLV ORUVTXH OD FRQFHQWUDWLRQ
LQWUDFHOOXODLUH GH &D D pWp DXJPHQWpH DXGHOj GH FHOOH GH O
pFKDQWLOORQ WpPRLQ OH QRPEUH GH
EULQV HW GH OD SURIRQGHXU j ODTXHOOH LOV GHVFHQGHQW GDQV OD UpJLRQ VXEMXQFWLRQDOH RQW pWp
DXJPHQWpVFRwQFLGDQWDYHFXQHDXJPHQWDWLRQGHOD7((53DODQWHWDO/HIDLWG¶H[SRVHU

















DVVRFLpH j OD SKRVSKRU\ODWLRQ GH OD FKDLQH OpJqUH GH OD P\RVLQH LPSOLTXDQW OH &D HW OD
FDOPRGXOLQHGpSHQGDQWH GH OD FKDLQH OpJqUH GH ODP\RVLQH 0/&.  GDQV ODPRGXODWLRQ GHV
MRQFWLRQVVHUUpHV.HOOHUHW0RRVHNHU/HVSURJUqVUpFHQWVHQELRORJLHPROpFXODLUHRQWPLV
HQ OXPLqUH OH U{OH GH 0/&. GDQV OD PRGXODWLRQ GHV MRQFWLRQV VHUUpHV 'DQV O¶pSLWKpOLXP
LQWHVWLQDOGHX[LVRIRUPHVGH0/&.0/&.HW0/&.VRQWH[SULPpHVFKDFXQDYHFVDSURSUH
ORFDOLVDWLRQ HW VD IRQFWLRQ VXEFHOOXODLUH &OD\EXUJK HW DO  $LQVL OH 0/&. HVW
SULQFLSDOHPHQW H[SULPp GDQV O
pSLWKpOLXP GHV YLOORVLWpV HW VH FRQFHQWUH DX QLYHDX GX QR\DX
G¶DFWRP\RVLQH SHULMXQFWLRQDO DORUV TXH OH 0/&. HVWH[SULPp WRXW DX ORQJ GH O
D[H GHV
YLOORVLWpV/DUpJXODWLRQSRVLWLYHGH0/&.FRQGXLWjODSHUWHGHODIRQFWLRQEDUULqUHDXQLYHDX













NLQDVH & 3.&Ș SULQFLSDOHPHQW H[SULPpH GDQV O
pSLWKpOLXP LQWHVWLQDO HVW LPSOLTXpH GDQV OD
SKRVSKRU\ODWLRQ GH O
RFFOXGLQH HW GHV FODXGLQHV DX QLYHDX GHV UpVLGXV WKUpRQLQH HW VpULQH




PRGXOHU OD IRQFWLRQ GH OD EDUULqUH pSLWKpOLDOH 5DOHLJK HW DO  /
LPSRUWDQFH GH OD
SKRVSKRU\ODWLRQGDQVODPRGXODWLRQGHVMRQFWLRQVVHUUpHVDpWpLOOXVWUpHORUVGHODSKRVSKRU\ODWLRQ
GH OD VpULQH  6 GDQV OD TXHXH F\WRSODVPLTXH&WHUPLQDOH GHV RFFOXGLQHV HW FODXGLQHV
&HWWHSKRVSKRU\ODWLRQDpWp LGHQWLILpHFRPPHXQ LQWHUUXSWHXUTXLPRGXOH OH IOX[SDUDFHOOXODLUH





















DPpOLRUHU GH PDQLqUH VLJQLILFDWLYH O¶DEVRUSWLRQ GH SOXVLHXUV PpGLFDPHQWV GX QDWXUH






8Q FHUWDLQ QRPEUH GH IDFWHXUV SHXYHQW rWUH UHVSRQVDEOHV GX G\VIRQFWLRQQHPHQW GH OD EDUULqUH
pSLWKpOLDOH \ FRPSULV O
LQIHFWLRQ PLFURELHQQH /HV SDWKRJqQHV HQWpULTXHV RQW GpYHORSSp GHV
VWUDWpJLHVTXLLQGXLVHQWODSURGXFWLRQGHODGLDUUKpHFKH]OHVK{WHVLQIHFWpVSDUODSHUWXUEDWLRQGHV

















DERUG pYDOXp OD ORFDOLVDWLRQ GH OD FODXGLQH GDQV OHV FHOOXOHV 7 SDU
LPPXQRPDUTXDJHHWLPDJHULHFRQIRFDOH/DFODXGLQHHWO¶RFFOXGLQHRQWGpPRQWUpjrWUHVLWXpV
DXQLYHDXGHODSDUWLHDSLFDOHGHV7-V1JHQGDKD\R0XNL]DHW'XEUHXLO6MRHWDO,O
D pJDOHPHQW pWp VXJJpUp TXH OD FODXGLQH FRQWULEXH j O
DGKpVLRQ FHOOXODLUH 6WHYHQVRQ HW DO
'DQVQRWUHpWXGHRQD UpFXSpUp ODFODXGLQHGDQV OHVGHX[IUDFWLRQV13VROXEOHVHW





VROXEOHV/DGLVWULEXWLRQGH OD FODXGLQHGDQVGHX[ IUDFWLRQV VXEFHOOXODLUHVGLVWLQFWHV DYDLW pWp
UDSSRUWpH)XMLWDHWDO

/HV PpFDQLVPHV TXL VRXVWHQGHQW OD SHUWXUEDWLRQ GH OD EDUULqUH pSLWKpOLDOH VRQW QRPEUHX[
&HUWDLQV GHV FRPSRVpV LQWHUDJLVVHQW GLUHFWHPHQW DYHF OHV 7-V .UXJ HW DO  WDQGLV TXH
G
DXWUHV SHUWXUEHQW OD IRQFWLRQ GH OD EDUULqUH SDU XQH PRGLILFDWLRQ JpQpUDOH GH EULQV GHV 7-V
:DOVK HW DO  /D UpRUJDQLVDWLRQ GH O
DQQHDX G










DFWLQH DSUqV OH WUDLWHPHQW DYHF OD WR[LQH 67E &HFL HVW FRKpUHQW DYHF QRV UpVXOWDWV R OH
UDFFRXUFLVVHPHQW GHV ILODPHQWV D pWp REVHUYp /
DEVHQFH GH UpRUJDQLVDWLRQ GH O
DQQHDX G
DFWLQH
VXJJqUH TXH 67E Q




SHUWLQHQFH GHV FKDQJHPHQWV GDQV OHV ILODPHQWV G
DFWLQH j O
pJDUG GH O






PHPEUDQH GH FHOOXOHV 7 WUDLWpHV DYHF 67E LQGLTXH XQH SHUWH G




GH OD FODXGLQH /D WHQHXU GH OD FODXGLQH GDQV OD IUDFWLRQPHPEUDQDLUH D GLPLQXp DSUqV OH
WUDLWHPHQW DYHF 67E G
XQH PDQLqUH GpSHQGDQWH GX WHPSV /D WHQHXU GH OD FODXGLQH GDQV OD








HIIHW GH GpORFDOLVDWLRQ GH 67E REVHUYpH VXU OD FODXGLQH FRQWULEXH SUREDEOHPHQW j OD
SDWKRJHQqVH GH (7(& HQ SHUPHWWDQW OH SDVVDJH GHV pOHFWURO\WHV HW GH O
HDX j WUDYHUV O
HVSDFH
SDUDFHOOXODLUH'UH\IXVHWDORQWVXJJpUpTXH67ERXYUHXQFDQDOGXFDOFLXP$XGHOjGH












OH PLOLHX GH FXOWXUH R O¶HIIHW GH 67E D DXJPHQWp OH WDX[ GH SHUWXUEDWLRQ GH O
LQWpJULWp GH OD
EDUULqUH j FRXUW WHUPH $XWUHV FDWLRQV ELYDOHQWV Q




6MR HW DO  $LQVL GDQV OHV FHOOXOHV &DFR O
LQDFWLYDWLRQ GH OD 3.&ĭ UpGXLW OD
SKRVSKRU\ODWLRQGH ODFODXGLQHHW UpGXLW OD IRUPHPHPEUDQDLUHGHVFODXGLQHVHQXQH IRUPH
VROXEOH GDQV OH F\WRVRO '
















'DQV OHV FHOOXOHV QRQ WUDLWpHV7 OHV FODXGLQHV SKRVSKRU\OpHV Q¶RQW pWp WURXYp TXH GDQV OD
IUDFWLRQ LQVROXEOH WDQGLV TXH GDQV OD IUDFWLRQ VROXEOH OD FODXGLQH Q
pWDLW SDV SKRVSKRU\OpH
'HSXLVTXH67E LQGXLWXQHGLPLQXWLRQ LPSRUWDQWHGH ODGLVWULEXWLRQDSLFDOHGH OD FODXGLQH HW
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